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while the students in the text-based curriculum used
diagrams of .digital logic circuits and written explana-
tions in lieu of demonstrations and troubleshooting
exercises.

Prior to training, students took the Navy's General
Classification Test (verbal aptitude) and Electronic
Technician Selection Test (electronics and mathematics
aptitude). Members of matched pairs on the aptitude
tests were randomly assigned to the two training treat-

~

ments. :

Two performance criteria were used to measure training
effectiveness; one was a multiple-choice written test
of theoretical knowledge, and the second was a one-hour
session of troubleshooting actual faulty digital logic
c¢ircuits. Both performance tests were administered
.twice--once within a week after the student completed

the 15-hour course, and again nine weeks after completion
of the course.

Several different analyses were used to relate student
performance on the written and skill tests to the two
aptitude measures and to short-term and long-term
retention. Observation and anecdotal evidence suggested
that the computer-based curriculum was more interesting
and stimulating, especially to the brighter students;
however, none of the objective measures showed an
advantage for the computer group. In fact, there

. appeared to be a slight superiority of the programmed
text-based curriculum for the students of lower verbal
and/or electronics and math aptitude on the long-term
retention test in troubleshooting.
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I. EXECUTIVE SUMMARY

Among the most severe problems in current military train-
ing are (1) the wide range of tiainee aptitudes, (2) the short-
age of qualified personnel to teach a multiplicity of subject
matters, and (3) the general scarcity of operational equipments
availsble for training practical skills. Many believe that
computerized instruction offers the potential for solving these
problems in that, theoretically, (1) computerized instruction
is flexible enough to provide different instructional strate-
gies for trainees of differing aptitudes, (2) many standardized
computerized curricula could be developed that do not require
qualified classroom instructors, and (3) computerized instruc-
tior could include simulations of operational equipments.

One of Che major obstacles to wide implementation of‘col-_
puterized instruction is cost. The primary costs are (1)
hardware and software acquisition and maintenance, and (2)
"professional educators' time in modifying existing courses. ﬂ\\_‘~
or creating new ones, to fit the logical constraints of the
computerized approach. Furthermore, there is not a large
quantity of objecti!e evidence that the computerized approach
is the best of several alternate instructional strategies..
Many comparisons between computerized and “conventional®
instruction use an unmodified classroom/lecturer approach as

the "conventional" basis for comparison. The results of such
a comparison confound the benefits of modifying the course
with the benefits of using a computer.

The objectives of the present rescarch were (1) to in-
vestigate the feasibility of cutting costs in computerized
instruction by liﬁiting the computer to necessary roles (e.g.,
providing simulations of operational equipment, controlling
the instructional environment, but not disseminating textual
information, which can be done less expensively with a textbook);
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(2) to objectively compare this computerized curriculum with
a non-computerized curriculum that contaiued identical course
information in an identical logical format;. €3] to make the
results of the study relevant to skill training by using a
subject matter, troubleshooting digital logic circuits, that
emphasized learning a practical skill; and (4) to relate the
results to the problem of differing trainee aptitudes.

Two experimental curricula were devoloped that met the
criteria within the oﬂjectives outlined above., One used a
minicomputer, the other used programmed instruction. The cur-
ricula were administered to trainees who were matched on scores
on two Navy aptitude tests, the General Classification Test and
the Electronic Technician Selection Test, After the courses,
trainees were tested for knowledge via a paper-and-pencil

_test, and for skill via a l-hour timed test in troubleshooting
digital logic circuits. .Nine weeks after the courses, knowl-
edge and skill tests were again administered to the trainees.

The results showed that high aptitude students were
superior to low aptitude students on all the post-course per-
formance criteria, whether the criteria were measures of
acquired knowledge or task performance. The training treat-
ment had nb differential effect on the high aptitude students.
Low aptitude students in the non-computecr curriculum appeared
to perform better on certain skill criteria than did low apti-
tude students in the computerized curriculum. Students in
the non-computerized curriculum finished the training sooner
than those in the computerized curriculum, regardless of apti-
tude level. We concluded from the results of the present
study, and from certain relevant literature, that (1) high
aptitude students arc relatively insensitive to different
training curricula; (2) low aptitude students are, indeed,
scnsitive to differeat training curricula; (3) computerized
instruction is not necessarily faster; (4) more, nof less, in-
structor involvement may be the case in computerized instruction,
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especially at the outset when students are learning to inter-
act with the system; and (5) evidence is accumulating that
predicts loss expensive computerized iustruction in the future.

We recommended that (1) further research on computerized
instruction include adequate control curricula for comparison;
(2) research on optimizing instruction for individuals of
varying aptitude should focus on the lower aptitude trainees;
and (3) alternative, less expensive, instructional approaches
should be carefully considered before opting for computerized
instruction in skill training. |




II. INTRODUCTION

The research reported here was motivated by the problems
of training skills in military organizations. We experimentally
investigated several aspects of the applicability of computer-
ized instruction to solving some of these training problems.
The following sections discuss the practical problem background,
relevant literature, and our approach.

Background

Computerized instruction appears to offer the potential
for alleviating several long-standing problems in civilian and
military education. Both institutions have had difficulty
coping with individual differences, but the self-paced in-
structional sequence, which is, conceptually, at the heart of
computerized instruction, is a step toward solving.the indi-
vidual differences problem. - Both institutions also suffer
varying degrees of difficulty in providing qualified instruc-
tors; here, computerized instruction could be of immense value
in providing standardized, high quality instruction which can
be distriﬁuteh to many local educational facilities. A thirxd
problem, more acute in some military situations, is the absence_
of ﬁp-to-date training equipment. Computers afford great ed-
ucational potehtial here in that they can be programmed to
simulate¢ operational equipment. Computerized instructional
techniques, given appropriate generalized displays and inter-
facing, can also be brought to bear on this problem.

Training in the Naval Reserve provides a clear example
of the potential value of computerized instruction. We use
the Naval Reserve as an example, because problems in skill
training, which exist to some degrce in all military institu-
tions, are acutely préécnt in the Reserve. The individual
differences of Naval Reservists in aptitude, rate, levecl of

4/



experience, and recency of experience create a strong require-
ment for self-paced, individualized instruction. The extreme
heterogencity of the personnel in technical specidﬁities makes

it highly improbable that qualified instructors will be available,
in sufficient quantity and af the right places, to meet the

need. In addition, the high cost of military hardware makes

it prohibitive to provide up-to-date cquipment and training
devices to the large number of Reserve Training Centers.
scattered throughout the country.

An indication of the multiplicity and magnitude of the
Reserve training problem is the fact that there are 132,000
authorized Naval Reserve pay billets in more than 400 Naval
Reserve Training Centers spread across the United States.

Each training center may, at any given time, be required to
provide training for personnel from each of the more than 60
Navy rates. Only rarely is it possible to provide training
for a particular pay grade within a rate and almost no con-
sideration can be given to providing training suitable for a
particular NEC. Confronted with this problem, Naval Reserve
training relies heavily on repeated use of the same written
course materials and a very limited amount of “hands-on" train-
ing, often with very outmoded equipment. The consequences are
not only inadequate training for rapidly changing fleet re-
quirements but very limited motivation as well.

It is tempting to look to computerized instruction to
solve training problems of the type posed by the Naval Reserve.
Unfortunately, many computerized instructional developments
arec associated with large computer systems requiring costly
initial hardware and software development investments as well
as expensive, continuing hardware and software maintenance.
Two important questions may be raised here: 'Does computerized
instruction deliver the benefits that have been hypothesized?"
And, if so, "are there means of reducing the cost of computerized



instruction to bring it within the grasp of institutions with
modest training budgets?" :

Relevant Literature

Two general areas of research are relevant to the ques-
tions stated above. One is concerncd with the problem of
individual differcnces in training, the other, naturally, with
the field of computerized instruction itself,

1. The Problem of Individual Differences in Training

Ll

The hypothesis that instruction should be tailored to meet
the needs of incdividuals with differing aptitudes, motivation,
and other characteristics is intuitively appealing. The basic
premise is that not all individuals will maximally benefit
from a single kind of instructional treatment; for instance,
high aptitude students may do better in an instructional en-
vironment that allows a grcat deal of autoromy than they would
in an instructional environment that is very rigid and direc-
tive, while the reverse may be true for low aptitude students. -
Cronbach (1957) provided one of the early discussions of this '
hypothesis. This area of research has bcen defined as the
Aptitude/Treatment Interaction (ATI) problem.

i*Bracht (1969) analyzed 90 research studies on ATI. He
-argued that the only interaction between instructional treat-
mént and student aptitude that was practically significant
would be an interaction such as the one described above where
one treatment was superior for students at one level of apti-
tudé but inferior for students at another level of aptitude.
Bracht called this a "disordinal" interaction, An intecraction
of this sort would be important to discover, because it would
indicate the necd for "individualized" training; different
training treatments for diffecrent aptitude levels.




Bracht contrasted the above type of interaction with what
he called an "ordinal" jinteraction where one of two treatments
may be superior for both aptitude levels; however, the dif-

‘ ference between the two treatments may be much smaller for one
aptitude level than for the other aptitude level. This latter
type of interaction may be statistically inferosting; however,
it would not indicate the nced for individualized training; a
single training treatment would be best for all aptitude levels,

Bracht found only five studies that showed disordinal inter-'
actions and he concluded that in these cases the findings had
no clear implications for individualized instruction. Glaser
and Resnick (1972) discussed the ATI problem and, alonj with
Bracht, concluded that few or no ATI effects had been solidly
‘demonstrated. Gleser and Resnick concluded that the "...nega-
tive results raised significant questions about this area of
research."

The following studies, which were not included in the
above reviews, suggest that this area of research is not a
dcad topic. These three studies point to a number of practical
problems in training students of high and low aptitude.

Bialek et al. (1973) rgported some very interesting work
exploring the best way to train Army men of differing apti-
tudes. They were especially concerned with Level IV trainees
(those scoring between 10 and 30 on the Armed Forces Qualifica-
tion Test), but they also explored the middle and upper apti-
tude ranges. This rather large research program on ATI began
with a relatively rigorous factorial approach through systema-
tic manipulation of various aptitude, media, and subject matter
variables. These investigators eventually concluded that this
scicntific and systematic approach became too unwieldy and
expensive. They then switched to what they called an "optimi-
zation strategy" where they hypothesized the '"best" truining
strategy for teaching low aptitude students and a different
"best'" training strategy for high aptitude students., For both




the high and the low aptitude strategies, they proceeded
through successive iterations of tryout and modification in
order to converge upon "optimal training strategies" for each
aptitude level. Briefly, Bialek arrived at the following con-
clusions: (1) Low aptitude students do poorly in experimental
studies because they do not appear to sec the relecvance of the
learning task and therefore are not well motivated; (2) low |
aptitude students do best under conditions that maximize inter-
action with a live instructor; (3) low aptitude students do not
do well with printed material (e.g., programmed text); and (4)
high aptitude students do best under conditions that permit
autonomy and they do not appear to need costly audio-visual
equipment and similar materials.

McFfann (1971) emphasized the need for research on training
persohnel of high and low aptitudes in military organizations,
especially the Army, by noting that "an important difference
between Army training and public education is that the Army
must utilize the products of its instructional system." Work-
ing on the same project as Bialek, McFann reported that an
associate, Grimsley, made the interesting finding that for
medium and high ability trainees, the fidelity of a training
simulator, with respect to the actual operational equipment,
could be very low with no adversc effect on the time needed
for training, the levcl of proficiency, the amount remembered
over time, or the time nceded for retraining. However, the
fidelity of the training decvice was found to be very important,
in the training of low ability personnel. For the low ability
group, the higher the fidelity of the device, the greater the
proficiency achieved, and the less time required for training.

Dick and Latta (1969) reportcd an interesting result in
training two non-overlapping groups of low and high math apti-
tude junior high level students in learning certain mathematical
concepts. These investigators compared paper-and-pencil pro-
grammed text instruction with computer-aided instruction that




used a CRT to display text matcrial. The type of instructional
method madc little difference in the proficiency achieved by ‘
the high aptitude students, but the low aptitudc students
achicved higher proficiency with the programmed instruction
treatment. This phcnomenon pcrsisted in the results of a long-
term retention tost for these students.

We wish to conclude this very briecf overvicw of the ATI
problem with the following summation: (1) The ATI problem is
not nearly a dead issue as suggested by Glaser and Resnick;
the problems of training students of differing aptitudes are
very real in practical training situations such as those faced
by military organizations; (2) further, there is evidence for
the following generalization: High aptitude students are not
terribly sensitive to 1nstru¢tiona1 treatments; they appear
to do well with a wide variety of training methods or media.
However, low aptitude students are indeed sensitive to the
training treatment, and the fact that most military organiza-
tions'anticipate an increasing proportion of low aptitude
personnel makes the problem of finding optimal training
strategies for low aptitude students a crucial one,

2. Computeriazed Instruction

(a) Training in General. The advent of computer technology
was seen by many as a possible panacca for the problem of indi-
vidualizing instruction to meet the needs of students with
differing aptitudes. Surely the computer with its large storage
capacity, fast retrieval time, and flexibility in programming
-would be the tcacher who could be all things to all men.

Two broad approaches to utilizing computers in cducation
emerged: One was Computer-Assisted Instruction (CAI) where the
computer, in some sensc, replaced the instructor. The other
approach was Computer-Managed Instruction (CMI) where the com-
puter becamc a tool to be used by an instructor as a bookkecping
aid in keeping track of his students' progress. We will not

10




attempt to review the volumincus literature on CAI and CMI.
Stoluro (1969), Suppes et al. (1968), Cooley and Glascr (1969),
Hansen (1970), and Salisbury (1971), among others, have
adequately rcviewed the CAI literature, extolled their philo-
sophics for proceeding with CAI research, and described their
own programs. Other reports include Hickey and Newton's (1967)
review of the results of the CAI information cxchange program
sponsored by the Office of Naval Research through a contract to
ENTELEK, Incorporatcd. Hickey (1970) provides an overview of
the entire ENTELEK program including the confcrences and litera-
ture surveys conducted under this project. Farr (1972) reviewed
the CAI research and development programs sponsored by Person-
nel and Training Research Programs, within the Office of Naval
Research.

In addition to general overvicws of CAI work, the follow-
ing two reviews concern specific CAl development programs.
Dwyer (1971) discusses thc NEWBASIC/CATALYST program developed
by the University of Pittsburgh. This»is essentially a complex
software package. Hammond (1972) discusses two advanced hard-
ware developments in CAI; one is TICCIT (Time-shared Interactive
Computer Controlled Information Television), which uses tecle-
vision as the primary output display; and PLATO (Programmed
Logié'fOr Automatic Teaching Operations), which uses a specially
developed display called the "PLASMA panel" that allows very
fine rcsolution.

The literature cited above is but a small portion of the
CAI litcrature and is mainly provided for the intercsted rcader
who wishes to use it as a jumping-off point for further review.
A wide range of specific and general conclusions may be drawn
from these reports. The following points bear on the present
study.

There is general concern about the cost of computerized
instruction. High visibility expenditures are hardwarc and
software costs in developing and maintaining CAI and CMI systems.
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A less conspicuous, but no less avoidable, cost is that of
professional educators' time in reconstructing old courses, or
developing new courses, to fit CAI and CMI paradigms. The need
for course reconstruction in computerized training has also led
to problens in comparing the effectivencss of computerized
training with "conventional" training. The studies that have
compared the results of computerized instruction with non-
computerized instruction have often confounded the results

due to cburée recorganization with the results due to using a
computer in the instructional paradigm. An example of this
will be given in the next section.

In general, the initial flurry of activity and excitement
over computerized instruction has settled down, Many investi-
gators are now turning to the long arduous task of developing
a sound theory of fﬁstruction and implementing it. That im-
plementation, quite probably, will involve computerized in-
struction., Before turning from this topic, we wish to point to
a bright spot on the horizon. Given that a sound theory of
instruction develops, where computers play some important role,
it may be possible to implement that theory without the expense
of the current crop of large-scale CAI systems. Thomas (1973)
describes the development of a computer-aided instruction system
using a minicomputer. His cost comparisons for large and small
computerized instructional systems show comparable costs per
hour for the large and small systems but a substantial savings
in initial acquisition for the small system. Brebner (1973)
describes another computer-assisted instructional system built
around a relatively small computer, a PDP-§/1., Our own efforts
along these lines will be described in detail later.

(b) Skill-Oriented Training. The number of investigators
who have focused on the problems invol&ed in training pract;cal
skills is a relatively small proportion of. the investigators
who comprisc the fields of education, educational psychology,
and instructional psychology. Therefore, there has been




relatively little computerized instruction work done in these
fields that bears directly upon skill training; the work that
has been done was usually funded through contracts with military
agencies, The following examples are given to characterize

8kill rescearch of this nature.

Rigney et al. (1972) rcported on research and deveclopment
on practical skill training in a computer-aided environment,
performed at the University of Southern California Behavioral
Technological Labcratories. Briefly, the approach here was to
have a front panel copy of a unit of operational equipment
standing alongsidc a student tcrminal connectcd to a conputer |
system. A student "conversed" with a software package that
guided him through exercises in button pushing and knob turn-
ing on the front panel of the operational equipment.

There appear to be two main emphases in Rigney's approach:
The first is to dcvelop a theory and logic for task analysis
that will apply to a wide variety of specific skills. Much
of the work involves the breakdown of skills and training prob-
lems into three elements, "goal descriptions, action descrip-
tions, and clustering operators," and the delincation of all
possiblec relationships between actions and goals. Rigney's
second main emphasis has been to develop sophisticated programs
that are general and embody his approach to task analysis.
These programs then operatc on "data modules" which are the
simple lists that are specific to a given problem or task area.
Once Rigney is finished with his work, he would have a logic
for task analysis and a set of general programs so that, for
cxample, an instructor who wished to teach the usc of an
oscilloscope would (1) analyze the task according to a well
worked out task analysis logic, (2) gencratc the list for the
specific data modulc for teaching this task, (3) plug the
data module into Rigney's general program, (4) sit the student
down at a terminal with a copy of the oscilloscope alongside,
and (5) press "run" on the computerizer training system. This
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may be an over-simplification of Rigney's approach; however,
it appears to charactcrize the goals of his program. His

main thrust lies in the philosophy and theory of task analysis
and the development of sophisticated gcneral-purpose software
to implement the theory.

Another group, at the Naval Personnel Rescarch and Dévelop-
ment Center (NPRDC), has taken a somewhat different tack. In-
stcad of addressing the general problem of skill analysis, as
Rigncy has done, they plunged ahcad with generating one solution
to a specific practical training problem. Ford et al. (1972)
reported on the development of a CAI approach to training five
of the eight topics at Navy Basic Electricity/Electronics
School. They comparcd CAI training with regular classroom
lecture training and found that the CAI approach resulted in
(1) reduced classroom time (39%-54% less) and (2) better scores
on the School Examination as well as on a Supplemental Test.
Significant improvements for the CAI groups were evident on
nearly all criteria, on all topics. They also showed that
pairs of students working at a single CAI terminal performed
as well as onc student per terminal. These investigators per-
formed several iterations of tryout and revision in order to
optimize the set of CAI curriculums for the five topics.

Now, Rigney's group and Ford's group represent two very
different approaches: On the one hand, Rigney's group took
the somewhat academic approach of studying the theoxgtical
parameters behind the problem of computerizcd skilled training
and software development. On the other hand, Ford's group
took the more applied approach of directly generating a‘ solu-
tion to a training problem using what appcared to be the best
techniques currently available. At this ppint, it is not
clear which approach is better; it is not even clear that one
can make that sort of value judgment about thesc two approaches.
Rigney has attacked the very difficult problem of developing
a comprchensive, logical approach to task analysis that may
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generalize to a wide variety of skill training problems. At
the same time, he is developing the means for implementing the
results of his findings on task analysis. However, Rigney

has not pcrformed comprehensive comparisons between his ap-
proach and others.

' Ford's group has made the comparison, and the results of
their efforts arc currently in use in practical training situa-
tions; however, this approach also has drawbacks. They have
attacked a specific set of training problems and their solution
may not generalize as well as Rigney's. Also, their large-
scale comparison may be criticized on the grounds discussed
earlier: They have confounded the results of coursc reconstruc-
tion with the results of using a computerized curriculum. They
compared the final result of several iterations of CAI curricu-
lum revision with traditional Navy classroom training; it is
not at all clear whether the improvement in the CAI condition
was due to the intensive and extensive course revision or due
to the use of the computer.

This latter criticism is reinforced by the results of
another program at NPRDC., Stern (1972) reports the results of
a program to develop and evaluate performance-oriented test
equipnent training procedures. He showed that a self-paced
workbook approach to training the use of test equipment was
superior to the typical lecture-lab approach in Surface Sonar
Technician (ST) A-1 Training School. Here is an example that
shows that well-thought-out course reconstruction does not necc-
essarily necd a computer in order to show training results that
arc superior to the typical classroom lecture and laboratory
approach. '

3. Summary

The above review of the literature is by no means exhaus-
tive, We intended simply to outlinc some of thc primary prob-
lems in the application of computerized instruction to skill
training. We have shown that a critical problem is the relation-
ship of an instructional method to the individual characteristics
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of the trainee. This is particularly important in the case of
low aptitude trainees. We have focused upon the problems in
training practical skills and showed that there are pitfalls
in evaluating the effectiveness of computerized instruction
in. this arca. The next section discusses our experimental
approach to these problems.

Regearch Objectives and Approach

One objecctive of this research was to investigate the
feasibility of cutting computer costs in computerized educa-.
tion by limiting the computer to only those roles that are

- absolutely neccssary, i.e., where there is no less expensive

alternative. For example, many computerized instructional
systems use the computer to disseminate textual information
where an obviously cheaper alternative exists, the lowly text-
book. In *his case, the computer is not an absolutely essential
part of the computerized instructional system. On the other
hand, the control of the instructional environment, i.e.,
administering tests, evaluating student performance, and pre-
scribing further instruction, are illustrative of cases where
the computer may be a cheaper solution than the alternative,

a8 teacher. As described in detail later, we developed a
computerized instructional curriculum that shaved computer
costs by limiting the computer to only those roles that we
thought could be performed best by the computer.

‘Another objective of this research was to comparatively
evaluate this computerized curriculum with a non-computerized
curriculum in order to determine what increased cffectiveness,
if any, resultcd from the computerized approach. We went'to
great extremes to make the comparisons as objective as possible.
As discussed above, many investigators, in making similar com-
parisons, have not provided adequate controls for the course
reconstruction involved in developing the computerized curricu-
lum. This has made it impossible to assess the effectiveness
of the computer qua computer against the “conventional"
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curriculum. In these cases, the comparison is really between
the conventional curriculum and a vastly-modified-course-with-
computer curriculum. - The present study avoided confounding
the effects of course modification in the comparisons of
compnterized and ncn-computecrized instructional approaches.

We did this by modifying the "conventional" course along the
same line as the computcrized course.

A further objective of this reséaréh was to reclate the
results of this study to the needs of an institution, such as
the Navy, that has a high interest in training proficiency in
practical skills. Thereforc, we selected a course topic,
troubleshooting digital logic circuits, that emphasized learn-
ing a practical skill that is of considerable importance in
many current Navy training courses.

A final objective was to relate the effcctiveness of the
twvo instructional treatments to the problem of training stu-
dents with different aptitudes., Therefore, two of the inde-
pendent variables in this study were the level of general
verbal aptitude and the level of science/math aptitude. The
latter measure of ability is used as one of the important
predictors of success in Navy courses similar to the course .
in digital logic developed for this study.
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III. DESCRIPTION OF THE EXPERIMENT

A. Overvicw

As explained in the scction on rescarch objectives and
approach, one of the objectives of this rescarch program was
to explore the possibility of minimizing costs in computerized
instruction by limiting the computer to only those roles which
were esscntial. Furthermore, we saw this as an opportunity
to evaluate the contribution of the computer in computerized
instruction by comparing an alternative non-computerized
curriculum with a curriculum that utilizes the computer only
where necessary. We wanted to evaluate the effectiveness of
each of the two alternatives for students of different apti-
tudes, and we wanted to use a course topic that contained an
important skill component so that the results of this study .
would generalize to the larger problem area of skill training.

1. Ceourse Toptic

In designing a study to meet these objectives, we chose
a topic that was directly relevant to Navy training. * Simpson
et al. (1971) reported on a course on digital logic that was
developed by HFR for Sonar Technicians working on the AN/SQS-26
sonar system. This course covers the principles that are
basic to understandiag the new generation of digital devices.
It was chosen as a vehicle for comparing the two instructional
approaches in the prescnt study because, intuitively, instruc-
tion in this topic should benefit from laboratory experience
with real digital logic circuits., This makes it suitoble for
testing a computerized system that is designed to train skills
via simulatioﬁ of operational equipment. Further, a course in
digital logic is inherently interesting to the Navy because it

is an important part of many different curricula in the Navy's
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Class A and C electronics training schools. Finally, because
HFR developed the digital logic course for the AN/SQS-26
- Common Corc Curriculum, we were in a good pnsition to modify

and use it for our present purposes.

2, Non-Computerized Curriculum

We chosc Programmed Text Instruction (PTI) as the "con-
ventional" curriculum to be uscd as a basis for comparison in
the present study. This seemed to be an exccllent comparator
for the computerized curriculum because PTI (1) is widely
used, (2) is reclatively inexpensive, and (3) requires the same
sort of logical course construction as rcquired by a computerized
curriculum.

A simple, linear-programmea text format was used because
of its current use in many instructional contexts; it is a
convenient and reliable pedagogical vehicle. BRecause the
purpose of the present cxperiment was not to compare diffcrent
PT1 formats or modes, we arbitrarily chose one that was con-
venient and has gained relatively wide acceptance. The only
danger was that the PTI format might intcract with student
aptitudes and becomec an unwanced secondary source of varia-
bility in this study. However, Davis ¢é al, (1970) reported
no ATI in a study of differcnt modes of PTI. They tested
overt versus covert responding, constructed-response versus
multiple choice, and feedback versus no feedback. Their null
ATI results led us to use one of the simplest PTI modes; it
will be discussed in detail later.

3. Computertitzed Curriculum

The experimental curriculum used a small computer to
control the learning cnvironment and to drive a display that
simulated digital logié circuits and allowed students to
control input to the circuits, test internal circuit condi-
tions, and obscerve output conditions. In the computerized
curriculum, students received the bulk of their needed textual
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information from a programmed text, just as the PTI students
did, instead of from a CRT as in many computerized instruc-

tional systems.

A computerized instructional system that does not require
the storage and display of bulky textual information enjoys
several advantages over one that does. Less storage and much
less programming are required., A paper or text medium for con-
véying the bulk of information in a curriculum is cheaply pro-
duced, reliably stored, dues not require expensive displays, is
casily accessed by the average student, if appropriately in-
dexed, and is ecasily edited or modified. And, probably most
important, the text portion of the curriculum can be produced
by personnel qualified in the technical arca of the course
without requiring additional expertise in computer programming.
Clearly, a computer is not aﬁ absolute necessity for dissemi-
nating the bulk of curriculum information; in fact, there are
good reasons not to allocate that function to the computer
part of a computerized instructional system.

On the other hand, a valid use of the computer may be to
control certain of the contingencies in the instructional pro-
gram; this is particularly true in the context of programmed
instruction where it may be .desirable to control students'
behavior at the many test points. While the mode of programmed
instruction may not interact with student aptitudes, as pointed
out by Davis, the computcer may perform a valuable service'in‘
forcing students to take remcdiation when they appear to need
it. Much of computcerized instruction is really computer-
presented programmed instruction. Thercfore, we included this
aspect of computerized instruction in order to test the possi-
ble advantage of computer control of the training environment.
The only rcasonable alternative here, close tutorial supcrvision

by a live instructor, is too costly.

Another viable usc of the computer, and one for which

there is no incxpensive alternative, is the simulation of
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operational cquipment. Here the éomputer can drive a labora-
tory in which the student may make inputs and observe the
consequences., The alternative would be a different set of
rcal operational cquipments for each curriculum and a tutor
to monitor cach student.

We developed a computerized curriculum that filled the
specifications discussed above. For convenience, we shall
refer to the computerized curriculum used in tﬁe present
study as a Computer Integrated Instructional (CII) approach;
we will arbitrarily define CII as the use of a relatively
small, time-shared computer facil#ty to control certain train-
ing and testing contingencies for several students working
simultaneously and independently and to control individual
displays and response terminals that provide students with
simulations of operational equipment with which the student
may interact. TFurthermore, the CII approach incorporates a
linear, frame-oriented, programmed text as the primary vehicle
for disseminating information to the students. This definij-
tion of CII is purely arbitrary and is intended merely for
use in this report as an economic reference to the computcrized
curriculum in the study .. opposed to the PTI curriculum. In
a broader context, CII is a relatively new term in the com-
"puterized instructional litératureﬁhbut it is still sufficiently
ambiguous to allow us to customize its definition for our pres-
ent purposes,

4, Comparigon of the Two Curricula

As will be explained in detail later, we took grecat care
to make the comparison between the CII and the PTI curricula
fair, via, we wanted the content and logical format of both
curricula to be idcntical so that the only difference between
the CJI and PTI trecatments would be the contribution of the
computer to the instructional process. At this point, a

‘ comparison of the two instructional trcatments will be made
in order to complcte the overview of exactly what we were
trying to accomplish.




Table 1 prescnts a - comparison of some of the critical

clements in the two instructional treatments, It shows that
students in both curricula received their theorctical in-
struction in digital logic via hardcopy programmed textbooks;
it should be emphasized that the textbook material, organiza-
tion of the material, and format of the material were nearly
identical for the two instructional curricula, The textbook
for the PTI curriculum was virtually a.verbatim copy of the
CI1 textbook, except that rcferences to the computer system
were omitted, and diagrams and truth tables were inserted for
the PTI students where the CII students would look at dia-
grams on their display and interact with the dynamic circuits.,
These differences are discussed in considerablce detail in the
scction on text development. The point emphasized here is
that a great deal of attention was given to equating the two
curricula for contcnt, organization, and format. We wanted

to isolate and reduce the differences between the two curricula
to only those tha+ represent the computer-based instructional
system's potential advantages, and to test whether those
advantages would be realized.

S, Student Aptitudes

We did not want to concern oursclves with the theoreti-
cal aspccts of ATI, for that could quickly bog down our
otherwise straightforward experimental interests., We felt,
hovever, as a practical matter, that the results of a compari-
son between two instructional approaches should at the very
least be rclated to the gencral verbal aptitudes of the students,
~Going one step beyond this, we felt that the results of a com-
parison between curricula should also be related to studcnté'
aptitudes that arc most likely relatcd to the course topic.

Becausc we wanted to generalize the results of this study
to the population of Mavy personnel, we chose two Navy apti-
tude tests in order to asscss general verbal aptitude and
aptitudes rclated to the coursc topic, digital clectionics.
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TABLE 1

COMPARISON OF CRITICAL ASPECTS OF THE PROGRAMMED TEXT
INSTRUCTION (PTI) CURRICULUM AND THE COMPUTER INTEGRATED
INSTRUCTION (CII) CURRICULUM IN DIGITAL LOGIC

PTI

Cll

Hard-copy programmed textbook
on theory in digital logic.

Hard-copy question frames
interspersed among information frames.

Student conceives his
responses to questions.

Student types his responses
to questions.

Hard-copy feedback frames
follow question frames.

Computer controlled display
of feedback after student
responds.

Errors result in a branch back to an
information frame, or a branch forward to
remediation. Eventually, the question is repeated.

Student may ignore the
branch and the suggested
exercise; he may proceed
without correctly answer-
ing the question.

Student cannot ignore the
branch and he must per-
form the suggested exer-
cises; he cannot proceed
without correctly answer-
ing the question.

Hard-copy demonstration
frames utilize diagrams
and truth tables to
demonstrate digital
logic principles and
circuits.

Computer-driven general
displays utilize plastic
overlay diagrams to pre-
sent dynamic demonstra-
tions of digital logic
principles and operating
circuits. Students inter-
act with system.

Hard-copy troubleshooting
frames utilize diagrams
and truth tables to simu-
late faulty circuits.
Student locates fault.

Computier-driven displays
utilize plastic overlay
diagrams to present
dynamic simulations of
faulty circuits., Stu-
dents intecract with sys-
tem to test circuit com-
ponents and locate faults.




TABLE 1 (Continued)

PTI

CIl

Student errors in troubleshooting

result in a branch back to a prior

information frame or demonstration,

or a branch forward to remediation.
Eventually, the troubleshooting:-exercise is repeated.

Student may ignore the
branch and suggested
exercise; ha may proceed

without correctly trouble-

shooting the faulty cir-
cuit.

Student cannot ignore
the branch and he must
perform the sugjested
exercise; he cannot
proceed without cor-
rectly troubleshooting
the faulty circuit.
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The two Navy tests were the Gencral Classification Test (GCT)
and the Flectronic Tcchnician Sclection Test (ETST). The
latter is, in reality, a scicence background test with fairly
heavy loadings in math and electronics. Hereafter, we will
refer to scores on the ETST as reflecting "sciencc/math apti-
tude"; and scores on the GCT as reflecting "verbal aptitude."

6. Performarce Criiteria

After a student has completed a training course, the
question of importance is: "Can he perform the operational
task?" While the most obvioﬁs method of answering this ques-
tion is to confront the student with thc operational task, it
is often not possible or convenient to do this, Therefore, -
paper and pencil "knowledge" tests are widely used as surro-
gates for an actual test of performance., In the present study,
we used one such surrogate criterion, a multiple-choice Knowl-
edge Test, We also used a performance test that was very nearly
like the opecrational task of interest. This was a Skill Test
that required each student to troubleshoot faulty digital logic
circuits under the observation of a test proctor who scored his
errors and measured the time required to identify the various
faults,

It is of obvious operational importance that the training
also produces retention of skills; in many operational contexts,
the opportunity to cxercise learned skills and to receive
added rcinforccment is limited or sporadic., Thercfore, we
administered the Knowledge and Skill Tests both at the end of
training and again ninec weeks later in order to assess the
longer-term effects of the two curricula,

The following sections discuss the experimental plan,
the details of the curricula development, and the results,

Experinental Plan .

Figure 1 shows a flow chart of the gencral experimental
plan. Each of the activities in Figure 1 will be discussed
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ADMINISTER APTITUDE
SELECTION TESTS TO
POTENTIAL STUDERTS

RANDOMLY DISTRIBUTE
STUDENTS MATCHED ON
APTITUDE TESTS TO THO
TRAINING CURRICULA

KNOVWLEDGE
PRETEST

-

COMPUTER PROGRAMMED
INTEGRATED TEXT
INSTRUCTION INSTRUCTIOHN
15-HOURS 15-HOURS
FINAL
TESTS
; 2-MONTH INTERVAL
RETENTION
TESTS
Figure 1. General experimental plan.
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in considecrable dectail in later sections of this report; here
we wish to briefly summarize cach activity so that the reader
may keep in mind the overall pian as he progresses through the
somewhat dctailed material ahead.

The two aptitude tests were administered to a population
of volunteers for the study at the Federal Correctional Insti-
tution at Lompoc, California., The characteristics of this
population also will be discussed later. '

The scores of the selection or aptitude tests were ana-
lyzed in order to create matched pairs of students who were
equated on both verbal aptitude and science/math aptitude.
The members of each pair then were randomly distributed, one
to the CII curriculum and one to the PTI curriculum.

Prior to the beginning of the training sessions, all
students were administered avknowledge pretest to provide
something of a base line for measuring the effects of training.
Then they were given five 3-hour training-sessions in digital
logic theory and faulty logic circuit troubleshooting., Half
of the students reccived the CII curriculum and half reccived
the PTI curriculum, The training sessions were conducted in
small group sessions that included four CII students and four
PTI students in the classroom at any given time., The room was
divided in half, and one proctor monitored both groups.

After two such groups of students complected the training

" sessions, they rcceived two final tests, the paper and pencil

Knowledge Test and the SKkill Test involving the troubleshooting
of faulty digital logic circuits in specially-crcated test
cquipment. No fecdback was given for thc Knowledge Test but
feedback was inhercent to the Skill Test., After an interval of
2 months, the students again werc given the Knowledge Test,
which was identical to the onc previously taken, and a new
Skill Test, which required troubleshooting of circuits identi-
cal to thosc uscd in the prior performance tests but with
different faults, '
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IV, DETAILED PROCEDURES AND EQUIPMENT DEVELOPMENT

Development of Exzperimental Curricula
1. General Approach

We have stated that our intent was to produce two experi-
mental curricula that would be as equivalent as possible with
the exception of thc variables of cxperimental interest., Fig-
ure 2 shows the overall projcct plan., The development of the
experimental curricula and the necessary support material is
highlighted in this project plan, The critical path is shown
with the bold arrows,

Because the CII approach had the most stringent format
requirement, the specifications for the CII curriculum and
related text were developed first.

The nexat step was the development of the specifications
for the neccssary software and hardware modifications to an
existing computcrized instructional system that HFR had pre-
viously developed for other research (Mecherikoff, 1974).
Subsequent. steps on the critical path included (1) execution
of the specificd‘modificatiéns, (2) writing the computer code
to control the CII training environment, and (3) pilot work to
checﬁ out the system and the curriculum code.

After the curriculum for the CIJ students was relatively
stable, a modification of that curriculum was made to mcct the
needs of the PTI approach, Basically, the PTI curriculum was
generated by (1) excising all rcferences to the computer in
the CII text and (2) substituting diagrams, truth tables, and
short discussions at the points in the CII curriculum where
CII students would interact with the laboratory simulations.

Other activities in the development of the experimental
curricula included the devclopment of displays for the Cl1
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curriculum, performance criteria, and special equipment for
the skill tests, '

2, Text

A linear programmed text was the basic vehicle for both
curricula, Question frames were interspersed among informa-
tion frames; questions were multiple choice with from two to
four alternatives. An incorrect answer resulted in a branch
back to an information frame or a branch to a separatg section
containing remedial information frames. Correct answers re-
sulted in the student going on to the next information frame.
In addition to information frames, special demonstration
frames were constructed. In these, specific circuits were
used as vehicles to demonstrate the principles that had been
discussed in information frames. In the PTI curriculum, the
demonstration frames used explanations, truth tables, and
line-drawing diagrams to demonstrate the operation of vatrious
circuits. Imn the CII curriculum, the demonstrations used
explanations in the text, simulated circuits on the displays
at the student terminal, and student interaction with the
system., His inputs were interpreted by the computing systcm
and would result in statc changes at various points in the
digital logic circuits on the display.

There was also a special kind of question frame called a
Troubleshooting Exercise., Here, a circuit with a fault was
presentcd and the student's task was to identify the faulty
componcent in the circuit or the aspect of the circuit's logic
which was faulty. For the PTI studcnts, faults werc indicated
by errors in the truth table associated with the circuit, For
the CII student, faults were indicated by the display showing
erroneous logic states at various points in the circuit., A
student's performance in troubleshooting was cvaluated by his
answer to a question that immediatcly followed each trouble-
shooting exercisc, Again, a multiple-choicc format was used
with an incorrect response resulting in a repeat of a
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demonstration or information frame. Eventually, the student
had to repcat the troubleshooting exercise. Correct answers
allowed the student to proceed.

The CII students were completz2ly captured by the system;
they were not allowed to proceed without correctly answering
questions, Errors forced the student to go back to the
appropriatc demonstration, repcat the demenstration, return
to the question, and correctly answer if; However, the PTI

-students, if they were so inclined, could ignore the branching

suggestion and the exercise repeats.

The text was divided into six volumes; this was done in
order not to intimidate the students when they began the course,
Although the course could be completed easily within the 15-~hour
time limit,. the text compr1sed a rather imposing mass of matec-
rial, The following list of lessons will give the rcader sone
idea of the material covered in the curriculum: '

Volume Lesson No. Lesson Title
I 1 Iatroduction
11 2 OR Gate
3 AND Gate
111 4 Inverters and the

NOR and NAND Gates

5 Equivalent Logic Functions
1V 6 Combination Logic Functions
7 R-S Flip-Flop
v 8 Clocked R-S Flip-Flop
9 D Flip-Flop
10 J-K Flip-Flop
Vi 11 | Shift Register "
12 Ring Countecr
13 Divider
14 Multiplcexers




It should be evident that this curriculum takes the stu-
dent from the very basics of digital logic through most of

the common topics and finally to a fairly sophisticated under-
standing of digital logic in the context of ring countcrs,
dividers, and multiplexers. At first, we were worried that

it might not be possible to adequately present this material
within the 15-hour time frame; however, pilot work with sev-
eral students showed that persons of average intelligence
could work through thc'programmed text well within our desired
time limit, We felt that it was necessary to present a fairly
extensive curriculum in order to tax the abilitics of the
brighter students and to provide a large base of knowledge to
serve as a vehicle for our later tests. On the other hand,

we did not want to expend a great deal of costly subjcct and
experimenter time on a much longer curriculum. Given these
competing factors, a 15-hour course, comprising the range of
sophistication represented by the topics listed abov;,
dppeared to be a good compromise.

Appendix A contains an excerpt from Lesson S5, "R-S Flip-
Flop," for the PTI text. Appendix B contains an excerpt‘Bf
the same material from the CII text, Thec reader is invited
to compare the two excerpts to sce the similarities and
differences between the CII and the PTI texts, and to get a
general feeling for the digital logic course that was developed.

3. CII Terminals

Figure 3 shows a student sitting at a CII terminal; the
terminal comprises a keyboard, a 16-light message display, a
3-digit display, and a "lab display" for precsenting the digi-
tal logic circuits. The student rcad his text at the terminal
and interacted with the system at points indicated in his
text. Figure 4 shows a close-up of the terminal; the lab
display uses plastic overlays imprinted with the various
digital logic circuits, A matrix of light-cmitting diodes
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beneath the overlays was driven by the computer system to
indicate the logical states (on = "true," off = "false") at
various points in the logic circuits., For troubleshooting
exercises, a probc was used to test logic states at different
points in a "faulty" logic circuit, The probe made contact
with metallic buttons behind the plastic overlays. The com-
puter controls the state values for these buttons,

The'overlay in Figure 4 shows the circuit for an R-S
Flip-Flop, and it is part of the CII curriculum for the text
excerpt comprising Appendix B. An annotation in Appendix B
will indicate to the reader where the overlay in Figure 4 is
used by the student, '

We felt it desirable to minimizc the mechanical aspects
of a student's interaction with the system, Obviously, a con-
siderable amount of non-pedagogically oriented interaction
with the computer system would unfairly disfavor the CII
approach when compared with the PTI approach in a closely
controlled experiment., Also, we did not want to make the CII
curriculum an exercise in typing skill, Therefore, typing at
the terminal was minimized by making most responses a series
of one or two key pushes., We even assigned one special key,
an "=0" value, and another special key, an "=1" valde, so
that the student would not have to hit two kcys for an input
specification to a logic circuit, The reader may wish to look
again at Appendix B where the excerpt from Lesson S5 for the
CII students shows the response reminders that we provided
in the left-hand margin of cach frame that required inter-
action with the system., A comparison of those responsc reminders
with the Kkeyboard shown in Figure 4 will revecal that very littl;
typing skill was nccessary to interact with the system.

Budget constraints prevented us from developing rcally
general-purpose displays for this projcct, Because this was
a research study; rather than development of a system proto-
type, it was not rcally nccessary to develop the sort of
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general display that a vendor for such a system would. The
needs of many different curricula would dictate a very
general-purpose display; however, for the present study we
only required a display sufficiently versatile to represent
and demonstrate the range of logic circuits in the experimen-
tal course. The matrix of 32 light-emitting diodes driven by
the computer and the digital logic circuits printed on plastic
overlays met this requirement without making immodest inroads
into our equipmént budget,

4, Computer System and Software

Figure S shows the Redcor 785 minicomputer, which was the .
heart of the system. It has 12,000 words of core storage, a
magnetic tape unit, teletype or card input, and considerable
custom interfacing for a variety of real-time experimental
environments. In the present study, it was connected to four
student terminals like the one shown in Figures 3 and 4,

The Redcor runs under a fully resident, multi-programming
operating system that is similar in concept to IBM 0/S 360,
This executive system and curricular programming language that
uses easy mneumonics were both developed in-house for other
research programs. They have been well documented by Mecherikoff
(1974)., .

The present study required some minor modifications to
the interpretive curricular language. Beyond that, the bulk
of softwarc development for the present study involved writing
the specific program, written in the curricular language, to
control the CII environment, |

5. Performance Criterta

Two kinds of tests werc used to cvaluate student performance
after they had completed the course., The first was a paper-and-
pencil Knowledge Test that contained 40, four-alternative,
multiple-choice questions., 7This test was given twice to the
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Figure 5. Redcor 785 minicomputer.




students during the study--subsequent to completing the course
as a "final" knowledge test and as a follow-up knowledge test
two months later, By using the same test on both occasions,
we avoided the problem of rcliabilify and content differences
between alternate test forms. A copy of the Knowledge Test is
presented in Appendix C.

Twenty questions were randomly selected from the'Knowledge
Test for use as a knowledge pretest, No feedback was given to
students on the pretest, the final test, or the long-term
retention test, '

The second type of test for evaluating student perfor-
mance was & Skill Test in troubleshooting digital logic cir-
cuits, Three special, stand-alone circuits were constructed
for the troubleshooting tests., They allowed the experimenter
to introduce a variety of faults into each of the logic cir-
cuits. Figure 6 shows the three circuit boxes with a master
power and control box. One of the test circuits is a half-
adder, another is a multiplexer, and a third is a set of four
relatively simple combination functions., Figure 7 shows the
master box connected to the half-adder.  In some cases, the
experimenter wired up the test circuit; in others, the student
was instructed to make certain conncctions., Each test circuit
box contained a hidden set of switches which allowed the
experimenter to introduce different faults in the circuit,
Appendix D contains the instructions to students for the
Skill Tests; these instructions are annotatced to show the
nature of each test fault and an example of an acceptable

corrcct answer from the student.

Upon completion of the course, the Skill Test was admin-
istered to students individually; this requirecd approximately
one hour, Students were given problems using cach of the
three test circuits, A problem usually required the student
to manipulate the circuit, making inputs and testing the re-
sults, in order to dectect and identify a fault., In some
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cases, the student was asked to bring the logic circuit into
a certain specific state; this required the student to know
how to make manipulations and to executc them, Pcrformance
measures for these tcsté included (1) the number of errors
made before completing a specific problem and (2) the total
time to correctly complete the problem, Only onc fault was
introduced into a circuit for each troubleshooting problem.
Several different faults were used to create seve. 1l problems
for each of the three circuits. There were 14 prc .lems in
all,

Two months after completion of the course, a second Skill
Test was given to measure retention. The second Skill Test
used the same three circuits as did the first; however, dif-
ferent faults were introduced into each circuit to create
different problems. This was necessary because of our con-
cern that the students.might remember the correct rcsponses
to the first set of problems. Because two forms of the
Skill Test were constructed and administered, it was not
possible to compare performance on individual items of the
short-term and long-term skill tests. However, we did not
want to lose c¢ntirely the capébility for such a comparison;
therefore, we embedded three problems from the first Skill
Test into the set of problems for the second Skill Test.
Students taking the second Skill Test did not appcar to real-
ize that threce of the problems were the same as thrce problems
in the first Skill Test.,

Bocause our coursc did not include electronic theory, we

could not test students directly on the "integrated chips"

and electronic circuits which underlie digital logic circuits.
Therefore, our test circuits were constructed so that students
did not manipulate them at the clectronic level, but rather

at the digital logic lecvel, wherc symbols wvre used to replace
the actual integrated circuits or chips. We pre-wired the
electronic circuits to appropriate connection points with the




symbdis. This made it relatively difficult for students to
make wiring errors that would harm themselves or the circuits.

‘It should be noted, however, that during the test the
students were rcally troubleshooting actual logic circuits;
the only departure from reality was that they did not concern
themselves with "ground and V.." connections between the
integrated circuits and the power supply. Also, because
they were using symbols, the students did not have to trace.
connections by identifying pins on integrated circuit chips.
Our purpose was not to test them on circuit tracing, which
would have necessitated a considerable expansion of the elec-
tronic aspect of the course. It also would have required a
good deal more time in the performance test sessions and a
significant increase in the expenditure of funds in exchange
for a small increase in the face validity of the performance
tests. Furthermore, Estelita (1972) has argued that digital
logic is a viable discipline apart from electronic circuitry.
He has stated that, "Standardizing...IC packages along logical
function boundaries has in effect divorced the electrical
circuit designer from the logic designer.... No specific
technical knowledge is presupposed other than...switching
algebra." Estelita goes on to describe the importance of
"hands on" experience in learning digital logic. His comments
reinforce the appropriateness of the course topic for the
current study.

Some of the problems in the performance tests required
that studcnts simply recall material that they had learncd in
the course and apply the knowledge and skills for which they
had received direct training to the solution of a given test
problem, We called these problems "regular problems."

Other test problems rcquired more than a simple regurgi-
tation of knowledge and skills lcarncd in the course; in these
latter problems, students werc confronted with circuits to
which they had not been ecxposed before., These problems re-
quired students to synthesize the basic concepts and skills
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that had been trained previohsly into some larger concept of

.

digital logic and to usc this insight to attack unfamiliar
problems, We called the latter problems "transfer problems."
Because this latter sort of activity is an important part of
applying course knowlcdge to opcrational problems, it was felt
that this was a necessary aspect of comparing the two instruc-
tional approaches.

In a word, our intention in devising the Knowledge and
Skill Tests, especially the skill tests, was to makec evaluation
and comparison of the two instructional approaches generalizable
and meanirgful to practical training situations, This logic
also led us to include the longer-term retention tests in our
comparisons of the two instructional approaches. '

Field Plan and Execution

Figure 8 again shows the project plan; in this case the
activities dealing.with execution of the field study are high-
lighted, Thesc activities included secuiing an appropriate
source of subjects, selecting the subjects according to verbal
aptitude and math/science aptitude, administering the two in-
structional curricula to two groups of subjects matched on
aptitudes, and, finally, testing subjects upon completion of
the course and after a long-term retention interval.

1. Subjects

Our first target population of potential subjects was
the student body at Santa Barbara City College; these students
represented a relatively wide range of verbal and math/scicnce
aptitudes, and they were in the appropriutc age range for
gencralizing the results of this study to Navy trainees. After
completing arrangements with officials of Santa Barbara City
Collcge to administer the two cxperimental curricula at the
beginning of Fall Quarter, 19735, we di: .uvered that fewer stu-
dents would voluntecr to participate in the experiment than
school officials had originally predicted, Various induccments
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werc attempted in order to secure the required number of volun-
tecrs so that selection tests could be administercd and 100
students with appropriate characteristics could be selected
for participation in the courses., An'adcquate presclection
population of voluntecers could not be obtained; therefore,

arrangements with Santa Barbara City College were canceled.

The next ﬁost accessible population of subjects with the
appropriate aptitude and age characteristics resided at the-
Federal Correctional Institute at Lompoc, California, and at
the California Men's Colony at San Luis Obispo, California.
Liaison with these institutions, and the agencies which super-
vised them, proved to have favorable results in both cases.
Because the population at the Federal Correctional Institution
appeared to represent a broader range of verbal aptitude,
thesc prisoners were chosen as subjects for the study.

About 200 inmates voluntecred to participate in the
study, Personnel who completcd all aspects of the course
received a $20.00 stipend and a certificate of course comple-
tion. The new, short form of the Navy's General “lassification
Test (GCT) and the Elcctronic Techrnician Selection Test (ETST)
werc administcred to the voluntecrs to asscss verbal aptitude
and math/science aptitude, respectively.

A two-dimensional plot of the voluntecrs' scores on the
GCT and ETST was made and pairs of nearly-coincident points
on the plet werc identificd by inspection. Fifty such matched
pairs were iaentified, and the members of a given pair were
randomly assigned to the two experiment:® treatments.

A problem that confronted us in selecting subjects for
this study was that of defining the lowest acceptable aptitude
level for subjects. We did not want to expend time and funds
unnccessarily to train and test personnel who clecarly could
not benefit from either of the cxperimental curricula, Still,

we wanted to relate the effectiveness of cach of the curricula
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to varying levels of aptitude, including the lowest level
students who could be trained in the relatively sophisticated
skills in our expcrimental course,

We discussed thc matter with a scnior staff member of the
Personnel Measurement Research Department of thc Navy Personnel
Rescarch and Development Center at San Diego; he felt that the
nominal level of verbal aptitude for a Naval training course in
logic and clectronics should be about one standard deviation
above the general population mean. He also felt that the lower
limit in verbal aptitude for students who could benefit from
such a course would be at about the pop ‘lation mean. These
figures were informal estimates and are not to be construecd
as official Navy opinion, However, we used thesc estimates
as guidelincs to help reduce study costs by eliminating un-
necessary exploration on the lower end of the verbal aptitude
scale,

We used a GCT score of 15 as the lower cutoff point on
verbal aptitude. This is equivalent to 47 on the Navy Stan-
dard and it is approximately one-third of a standard deviation
below the Navy Mecan of 50. We felt this would ensure that
our sample would include subjects in the lowest range of
verbal aptitudes who could reasonably be expected to derive
some benefit from the experimental training courses.

We employed no cutoff scorec for the ETST. We wanted to
include students representing the entire range of math/science
aptitudes, given that they met the minimum reasonable require-
ments for verbal aptitude,

Some mention should be made of the background of the
subject population. Since the subjects were prisoners at a
Federal Corrcctional Institute (FCI), this may raise some
questions in the recader's mind about the generalizability of
the results to other populations., We did not feel that this
was a particular problem in this study because of the general
characteristics of the inmates, some of which will be described,
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The nominal age range for inmates at the Lompoc FCI is 18
to 26 years, Their criminal background was varied: ' a large
proportion had violated Federal drug laws, another large pro-
portion included Victnam war dissenters, still another fairly
large proportion included convicted bank robbers, and a fourth
group included Indians who had committed crimes on Fedcral
Reservations, Except for th: last group, the inmates appcarcd
to represcent a fairly broad range of socioeconomic backgrounds,
The entirc range of cducational class levels was rcpresented,
inéluding adequate representation of the upper educational
levels, especially by the war dissenters. Also, a selection
factor was operating because we decalt only with inmates who
volunteered; those who participated in the si.dy dcmonstrated
relatively high motivation, intelligence, and interest in the
subject matter, In fact, HFR staff members involved in train-
ing or testing the subjects felt that, in most cases, they
were dealing with the sorts of .peoplc who might have been
volunteers from the origingl target pcpulation at Santa
Rarbara City College,

In short, the students at the prison behaved very much
as studeats anywhere, The main differcnces between the prison
environment and a "noimal" environment wcre (1).thc restric-
tive atmospherc of the institution itself and (2) an under-
current of verbal hostility dirccted foward the institution.
These two factors might well exist to some degrec in a train-
ing course at a military institution., We could find nothing
in the range of aptitudes, or in the biographical material
that we collected for this pspulation, that argucd against
generalizing the results of this study to trainces in a skill-
oricented curriculum at a military institution or a vocational

school,
2, Tratning and Testing

Students werce trained in groups of 8: 4 PT1 students and 4

CI1 students were supervised by one proctor who was knovledgeable




in the course subject, the ecxperimental design, and operation
of the CIl software and hardware. Later, performance tests
were administered by a different proctor who had no knowledge
of a student's aptitudes or instructional treatment.

Figure 9 shows the layout of the classroom used for train-
ing. A visual barrier provided nominal isolation of the PTI
students from the CII students; however, the proctor was equally
accessible to both groups. The proctor previded assistance
and explanations whenever requested and he also operated the
computer system for the CII terminals., The computer and
basic peripherals were located in a separate voom, Thc com-
puter required proctor attention only at the beginning of a
session before students began working at their terminals,
after a session when students had left, and on infrequent
occasions during a scssion when trouble developed with the
CII system. Otherwise, the proctor was always available to
assist the students. He kept a covert log of thc amount of
time spent assisting cach student and the amount of time
required by each to complcte the course.

i &

PTI Students @ CII Students @

roctor

Figure 9., Layout of classroom,




 stydents were allowed as much time as they wished to
complcte the training phase of the cxperiment. All of them,
except two at the lowest aptitude levels, completed the course
within the 15 hours originally allotted. The two slow stu-
dents finished after an additional two hours on the Monday
following the regular 5-day series of 3-hour training sessions.
Students who finished early were told that they might spend
time veviewing the material; however, we did not emphasize a
need to spend a great dcal of time in review but allowed them -
to end the training phasc as soon as they fclt that they
understood the naterial.

The test proctor administercd the short-term knowledge
and performance tests to each student during the week that
followed his training sessions. This was done in a different
room so that a new group of students could begin training.
The test proctor administered the long-term retention tests
to each student eight weeks after he had coﬁpleted the short-
term retention tests.

Approximately five months were required to complete the
training and testing of 106 students. For various reasoms,
several students did not complete all aspects of the training
and testing program. Complete data were gathercd on 42 pairs
of students matched on the GCT and ETST., Only the data on
these 84 students, 42 in the CII trecatment and 42 in the PTI
trcatment, were used in subsequent data analysecs.




V. RESULTS AND ANALYSES

The independent variables in this study were verbal apti-
tude (scorc on GCT), math/science aptitude (score on ETST),
and training treatment (PTI vs. CII)., The dependent variables
were all the mcasures of knowledge and skill taken at short-
term and long-term retention intervals, plus two general
measures of student behavior during training. The following
is a list of all the dependent variables:

Meacures of Classroom Behavior
1. Time To Complete Training Course

2, Number of Interactions with Proctor During
Training

Measures of Knowledge

3, Pre-Course Knowledge Test

4, Short-Term Knowledge Test

5. Short-Term Knowledge Gain (4-3)

6. Long-Term Knowledge Test

7. Long-Term Knowledéc Gain (6-3)

8, Forgetting (4-6)
Meaoures of Short-Term Skill

9, Time To Complete cach of 14 Problems
10. Total Time To Complcte the Skill Test

11. Nunmber of Timed-Out Problems (whcre
arbitrary time limit was excceded)

12, Number of Lrrors on Regular Problems
13, Number of Errors on Transfer Problems

14. Total Number of Er:i s on the Skill Test




A.

Measures of Long-Term Skill

15. Time To Complete each of 14 Problems

16. Total Time To Complete the Skill Test
17. Number of Timed-Out Problems

18, Number of Errors on Regular Problems

19. Number of Errors on Transfer Problems
20. Total Number of Errors on Skill Test

Various combinations of the independent and dependent
variables were used in the three phases of analysis discussed
below. In the first phase, graphs were used to relate a
sample of depcnuent measures to the independent variables.

In the second phase, the entire set of dependent measures,
including item scores on the skill tests, was subjected to a
series of discriminant analyses. The final phase of the data
analysis was a series of univariate tests to test the signifi-
cance of aptitude and training treatment differences with
respect to single measures.

Preliminary Data Analysis

Simple graphs were constructed to show the relationships
between the aptitude scores and two short-term and long-term
retention measures, One of the measures was the Knowledge
Test score; the other was Total Time to Complete the Skill
Test. The lattor measure of skill was used in the preliminary
analysis, rather tﬁan an error measure, because most of the
students completed all of the problems with relatively few
errors, Time to Complete the Test appearcd to discriminate
among students better than any of the error measures. Error
measurcs were included in later analyses, however.

Each of the following graphs contains a curve for the CII
trcatment and a curve for the PTI treatment, The data were
smoothed by grouping students on the independent variable and




deriving group means for the dependent variables. Four figures
that decal with the Knowledge Test mecasure are presented on the .
next two facing pages for convenient comparisons. Correlations
among the variables are presented in Table. 2.

Figure 10 shows the relationship bectween scores on the
Short-Term Knowledge Test and scores on the GCT (verbal apti-
tude) for the PTI and CII training treatments. This figure
shows the expected rclationship between achievement in a
training course as mcasured by a written examination, and
verbal aptitude, viz, the high aptitude students obtained
higher scores on the Knowledge Test. A score of 18 on the GCT
is the mean for this test, or the equivalent of a Stanford-
Binet IQ of 100. Figure 10 shows no systcmatic mean differ-
ences in Knowledge Test scores between the CII group and the
PTI group. The correlation coefficients between GCT and
Knowledge Test scorcs were .59 and .65 for the CII and PTI
groups, respectively.

Figure 11, like Figure 10, shows pecrformance on the Long-
Term Knowledge Test to be positively related to score on the
GCT; again there were no systematic differences between the
CII and PTI groups. Correlations betwecen verbal aptitude
and long-term kno&ledge were .57 and .47 for the CII and PTI
groups, respcctively.

Figures 12 and 13 show the corresponding results using
scores on the ETST (math/science aptitude) as the independent
variable. It should be mentioned that scores on the GCT and
the ETST were moderately corrclated; the Pcarson product-
momcnt correlations between GCT and ETST scores for our CllI
and PTI groups were .66 and .68, respectively. Data on the
population of Navy enlistecs who have taken the GCT and ETST

yield a cerrclation of about .03,

Figurc 12 shows a strong rclationship between performance
on the Short-Term Knowledge Test and score on the LETST; students

01
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TABLE 2
INTERCORRELATIONS AMONG APTITUDE SCORES,
SCORES ON THE KNOWLEDGE TESTS,
AND TIME TO COMPLETE THE SKILL TESTS
SHORT-TER4|LONG-TERM | SHORT-TERM | TRAILIING ]
GCT ETST KNOWLEDGE |K:\OWLEDGE SKILL GROUP
' ETST .66 ' CIl
68 PTI
Short-Term .59 .74 CIll
Knowledge 68 .67 PTI
Long-Term .57 .74 .75 CIl
Knowlcuge 47 .44 .70 ] PTI
Short-Term Skil) -.52 -.68 «.73 '-.68 CIl
(time taken) -.28 -. 33 -.68 -.81 PTI
Long-Term Skill -.48 -.70 -.74 -.69 .86 Cll
(time taken) - 30 -. 34 -.62 -.64 .73 PrI

with higher aptitudes scored better. There were no system-
atic mean differences between the CII and PTI groups. The
correlations between ETST and Short-Term Knowledge Test
scores for the CII and PTI groups were .74 and .67, respec-
tively.

Figure 13 shows score on the Long-Term Knowledge Test
generally to be an increasing function of score on the ETST;
there were curious, inexplicable reversals for the highest
aptitude groups in both the CII and PTI trcatments, and for
the lowest aptitude group in the CII treatment. The number
of students in these groups at the extreme ends of the apti-
tude scale was small, Thercfore,‘thcsc reversals probably do
-not represent reliable phenomena. There vere no significant
mean differences between the CII and PTI groups, as tested by
analysis of variance discusscd later. The corrclations between




"ETST and the Long-Term Knowledge Test were .74 and .44 for the
CII and PTI groups, respectively. This indicates that long-
term knowledge was less predictable from math/science scores
for the PTI group than for the CII group.

The next four figures deal with the Skill Test measure.

Figure 14 shows the relationship between timec required to
complete the Short-Term Skill Test and scores on the GCT for
the twvo training treatments., Time requircd to complete the
performance test was a decreasing function of verbal aptitude;
the brighter students finished the test in a shorter time.
There appeared to be no systematic mean differences between
the PTI and CII groups. However, there was a differcnce in
the correlations between GCT and Short-Term Skill Test scores
for the two groups. The correlations were -.52 and -.28 for
the CII and PTI groups, respectively. Again, aptitude was a
less potent predictor of performance for the PTI group than
for the CII group.

Figure 15 shows that time taken to complete the Long-Term
Skill Test was a decreasing function of score on the GCT; this
graph shows a slight superiority for the PTI students, espe-
cially those of lower verbal aptitude. As discussed later,
this result was not statistically significant. The correla-
tions between GCT and Long-Term Skill scores were -.48 and
.30 for the CII and PTI groups, respectively.

Comparison of Figures 14 and 15 rcveals a perceptible
change in the slopes of the curves over the long-tcrm retention
interval. The relatively flat curves in Figure 15 suggest that
the lower verbal aptitude students are “catching up" to the
higher aptitude studeats in skill performance at the long-term
test point. However, an analysis of variance, discussed later
under Univariate Analysee, showed the high aptitude students to
continue to perform significantly better thun the low aptitude

students at the long-term test point of skill,
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Figures 16 and 17 show the corresponding results using
score on the ETST as the independent variable,

Figure 16 shows that time required to perform the Short-
Term Skill Test decreased with increcasing aptitude as measured

by the ETST. The two curves cross over and suggest an aptitude-
treatment interaction; however, statistical tests did not prove
this interaction to be significant. Correlations between ETST
and Short-Term Skill Test scores were -,68 and -.38 for the

CII and PTI groups, respectively. Again, tested performance

was less predictable from math/science aptitude score for the
PTI group than for the CII group.

Figure 17 shows that time required to complete the Long-
Term Skill Test was also a decreasing function of math/science
aptitude; furthermore, the low aptitude students in the PTI
group completéd the skill test in significantly less time
than the low aptitude students in the CII group. The analysis
to test this result is discussed later. Correlations between
long-ternm skill and math/science aptitude were -.70 and -.34
for the CII and PTI groups, respectively. Once again, tested
performance was less predictable from ETST scores for the PTI
group than for the CII group.

In summary, the curves in Pigure 10 through 17 showed
the logically expected positive relationship between perfor-
mance and aptitude. There was also evidence of a possible
superiority of the low aptitude students in the PTI group over
the low aptitude students in the CII group on the criterion of
long-term skill performance.

It is interesting to note the moderatcly high correlations
among short- and long-term knowledge and skill tests in Table
2. Not only are the correlations high between short- and long-
term tests of a given kind, but the correlations between kinds
of tests are also high. 1In a sense, the va’ ity of the knowl-
edge test is supported by its high corrclations with skill
measurcs of high face validity,

o 68




The next step in the analysis of the data employed a
multivariate technique to examine the relationships between
the independent variables and all the dependent variables.

Multivariate Analysis

A very powerful multivariate tcchnique exists for con-
veniently investigating a large number of measures taken on
individuals that comprise different subpopulations. (The
subpopulations in the present experiment may be defined as
the individuals that compriscd different aptitude levels in
the different instructional treatments.) We felt that this
technique would help us answer the following question:

"Given all the methods that we used to measure performance,
were there any real differences bctween the students from the
PTI course and those from the CII course?" Furthermore: nf
there were performance differences, how were they related to
different aptitude levels?" '

The multivariate technique that we used to address these
questions is discriminant analysis. Briefly, this technique
is used when a variety of measures is taken on several pre-
determined classes of things. The object of the analysis is
to determine whether or not the classes are different from one
another with respect to the measures. Discriminant analysis
is different from factor analysis, another common multivariate
technique, where a variety of measures is taken upon one popu-
lation of things with the intention of discovering which sub-
sets of similar measures can be identified. Detailed dis-
cussions of discriminant analysis may be found in Rulon (1951A
and 1951B), Tiedeman (1951), Rao (1952), Cooley and Lohnes
(1962), and Anderson (1958).

We performed fobr scparate discriminant analyses: The
first included all of the dependent variables listed on pages 59
and 60 czcept the time to complete cach individual item in the
Skill Tests, and the error scores for the breakdown of '"Regular®




and "Transfer" items in the Skill Tests, Size limits in tle
discriminant analysis progranm prevented us from using all the
dependent measures in the first, general analysis. The second
discriminant analysis focused on the six measures related to
the paper-and-pencil knowledge tests. The third analysis
focused on all the mcasures of short-term skill; the fourth,
on all the measures of long-term skill,

All of these analyses used the samc two independent
variables of instructional treatment (CII versus PTI) and
score on the ETST (low versus high). Because discriminant
analysis is rather expensive in terms of computer time, we
could not thoroughly explore all of the dependent variables
relative to both of the aptitude variables in this phase of
analysis. Since the preliminary analysis siowed possible
significante relationships between aptitude and the dependent
measure in two cases for the ETST and in only one case for
the GCT, we chose to use the ETST scores as the important
aptitude variable for discriminant analyses,

The computer program to perform the discriminant analy-
sis was Cooley and Lohne's Multiple Discriminant Analysis
Program, adapted to run on the General Electric Mark III Time
Sharing System. Before the discriminant analyses were run,
several small programs were used to pre-process thc data into
manageable “orm and to sort students into groups according to
the independent variables of interest: We will not dwell on
the details of these programs; however, we will describe the
general algorithm for sorting students and their data.

Recall that pairs of students matched on GCT and ETST
scores were identified and members of cach pair were randomly
distributed to the two treatment conditions. In sorting the
students for the discriminant analyses, we again dealt with
the matched pairs in the following way: For each matched
pair, the sum of their scores on the ETST was derived and

.....
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those sums were ranked. We defined the 16 highest-ranking
matched pairs (this comprised about 40% of the experimental
sample) to be the "high aptitude" students, and the 16 lowest-
ranking matched pairs to be the "low aptitude" students.
Because each matched pair contained one CII student and one

PTI student, we had defined four subpopulations, or classes,
viz, the high aptitude CII students, low aptitude CII students,
high aptitude PTI students, and finally, low aptitude PTI
students. We called these the HICOMP, LOCOMP, H.TEXT, and

" LOTEXT groups, respectively.

These four groups were the "predetermined classes of
things" which the discriminant analysis program tried to
discriminate, upon the basis of the dependent variables. To
l the extent that certain measures were differentially related
to aptitude and treatment levels, the discriminant analyses
would "separate'" the four groups.

1. General Discriminant Analystis

The first analysis used 14 general performance mcasures
from the list on pages 59 and 60, Item latency scores and er-
rors for Regular and Transfer problems were excluded. The 14
measures of performance form the dimensions of a multivardate
space. To the extent that ihe individuals in a given group,
say LOTEXT, perform differently from the individuals in the
other groups, the swarm of points representing the individuals
in LOTEXT will occupy a differcnt portion of this l4-space than
will points representing the other individuals,

We can reduce this l4-space to something that is concep-
tually managcablc through discriminant analysis on a computer.
The computer program finds a function that will maximize the
separation betwcen groups by deriving a sct of linear weights
for the n variables that will minimize the ratio of within-
group variance to between-group variance. In our geometric
model, this function would be representcd by a line in l4-space.
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If one projected the points that represent individuals in 14-
space onto this line, the points for LOTEXT would (hopefully)
cluster together and be separated from the points for the

other groups. The points for LOTEXT could be described by

their mean and standard deviation with respect to this function,

Having calculated the discriminant function (or, line in
n-space) that best scparates the groups, the step-wise multiple
discriminant program then finds the next best discriminant
function for separating the groups. In our geometric model,
-this second line, along with the first, would describe a plane

in l4-space. Again, the points in 1l4-space could be projected
onto the plane, and we would expect that this additional dis-
criminating power would reveal a further separation of the
projected points for LOTEXT from the projected points for the
other groups. The points for LOTEXT, when projected upon this
plane, could be described by their centroid and one standard
deviation centour. (A centour is a contour that delimits some
percent of a multicdimensional swarm or cloud of peints, and
has as its centroid the centroid of the entire swarm. A one
standard deviation, or one-sigma, centour would contain 68%

of the points in a multidimensional swarm.)

Figure 18 shows the four group centroids and one-sigma
centours on the plane defined by the first two discriminant
functions. The first discriminant function, representcd by
the abscissa, accounted for 67.9% of the discriminating power;
the second discriminant function, represented by the ordinate,
accounted for 25.8% of the discriminating power. The third
discriminant function accounted for only 4,64% of the dis-
criminating power, and therefore no attempt was made to graph
it on a third axis.

Inspection of Figure 18 shows that the first discriminant
function primarily discriminated between the low and high apti-
tude students. Nonc of the centours for the low aptitude stu-
dents intersect with the centours for the high aptitude students;
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this is not a startling result, for our earlier graphs showed
what common sense would predict--the high aptitude students
performed better than the low aptitude students. The second
discriminant function achieved separation between the PTI
students and the CII students. However, there is some overlap
between the students for the two treatment groups as cvidenced
by the intersection of the one-sigma centours at both aptitude
levels.

Rao's F approximation of Wilke's lambda criterion (Cooley
and Lohnes) showed that the general discrimination among the
four groups was significant beyond the .01 level. Basically,
this test compares the generalized within-group variance with
the overall variance. '

The positive results of the general discriminant analysis
indicated the existence of some potent relationships between
the independent and dependent -variables. The next step was to
use different sets of measures in subsequent discriminant
analyses to discover which of the dependent variables were
importantly related to math/science aptitude and training
treatment. |

2. Discriminant Analysis Using Xnowledge Measurcs

The six measures of knowledge 'listed on page 59 were used
in the second discriminant analysis: Figure 19 shows the re-
sults. The first discriminant function accounted for nearly
90% of the discriminating power of this analysis and it pri-
marily separated the high and low aptitude students. The second
function shows some separation of the treatment conditions at
the low aptitude level, but this discriminant function only
accounted for 7.1% of the power in this analysis.,

Rao's F approximation was significant beyond the .01
level., It appears that the knowledge mcasure primarily dis-
criminated aptitude diffcrences. There is weak cvidence for
superior performance of HICOMP over HITEXT, becausce the HITEXT
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centroid is closer to the centroids for the low aptitude
groups and HITEXT's large variance on the first function
places the bulk of its swarm toward the low aptitude swarms.
It should be noted that the directions and magnitudes uf the
scales for the discriminant functions do not have simple re-
lationships with "goodness" of performance] they are a result
of a complex series of matrix algebra manipulations. The
figures can be'offectively used to discover whether or not
groups are similar to, or different from, one another with
respect to a given set of measures. In Figure 19, the HITEXT
students were more like the low aptitude students on the knowl-
edgét measures than were the HICOMP students.

3. Digeriminant Analysis Using Short-Term Skill Measures

All the measures listed on page 59 which dealt with per-.
formance on the Short-Term Skill Test were used in the third
discriminant analysis. Figure 20 shows the results of theo
third discriminant analysis. This figure is a little more
complex than the prior two because it shows the third dis-
criminant function, which accounted for a sizable amount of
the power in this analysis. We have drawn the simple ellipses
for the first two dimensions and then added vectors to show
where the centroids for each group should be placed along the
third dimension. We have not attempted to illustrate the
dispersion of the swarms in the third dimension; one may
expect, from the rather low discriminating power of the third
function, large dispersions relative to the differences in
centroids,

Again, the first, and most powerful, discriminant function
primarily discriminated betwecen aptitude levels. The sccond
function showed good discrimination between training treatments
for the low aptitude students and some discrimination betwcen
trecatments for the high aptitude students. The third function
showed discrimination between LOTEXT and LOCOMP with respect

to their centroids.
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Rao's F-approximation was signfficant beyond the .01
level. 1In general, this analysis showed that the high aptitude, -
students were fairly similar to one another on the Short-Term *
Skill Test measures, regardless of training treatment, and
the low aptitude students showed differences related to train-
ing trcatment. Low aptitude students performed differently

from high aptitudc students.
4. Discrimirant Analysis Using Long-Term Skill Measures

The measures of long-term skill performance listed on
page 60 were used in the fourth discriminant analysis. Fig-
ure 21 shows the results plotted in three dimensions. It
appears that there was little to distinguish the long-term
skill performance of high aptitude students in the two train-
ing treatments. In this figure, the centroids for HICOMP and
HITEXT lic in separate planes defined by the third discrimi-
nant function. However, this functicn accounts for only 11.1%
of the discriminating power; i.e., the separation of centroids
is small relative to the variance. In essence, the high apti-
tude students were indistinguishable.

The low aptitude students in the two training groups were
well separated by the second discriminant function and, to a
lesser extent, by the first discriminant function. Their one-
sigma centours showed little overlap.

Rao's F-approximation was significant beyond the .01 level.
We might conclude from tnis analysis that with respect to the long-
term retention test of skills, which is probably the criterion
of highest operational importance, (1) high aptitudc students
performed differently from low aptitude students, (2) training
treatment did not diffcrentially influence the performance of
high aptitude students, and (33 training treatment did influence

the perforumance of low aptitude students,
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5. Summary of Results from the Diseriminant Analyses

The results from the series of discriminant analyses may
be summarized as follows:

« (a) Aptitude Differences. All of the analyses showed
large differences in the performance of high and low aptitude
students. The significant F-tests for generalized discrimina-
tion were probably due, in large part, to the discrimination
between students at the different aptitude levels. There is
no doubt that aptitude differences were generally more impor-
tant than treatment differences.

The univariate analyses, discussed next, showed that this
last statement does not hold for one variable, Time To Complete
Training. In fact, this variable probably accounted for the
good separation of training trcatments in the first discrimi-
nant analysis. In the other discriminant analysis, which did
not include Time To Complete Training, training treatments
were not so well separated,

(b) Treining Treatment Differences. The only good dis-
crimination between training treatments at both aptitude
levels occurred in the first discriminant analysis. As men- )
tioned above, we felt this was primarily due to the Time To
Complcte Training variable. Differences between training
treatments at the high aptitude level were slight for the
Knbwledge and Short-Term Skill measures and virtually non-
existent for the Long-Term Skill measures. Differences
between training trecatments at the low aptitude level were
moderate for the Knowledge measures and considerable for both

Short-Term and Long-Term Skill mcasures.
6. Univariate Analysis

While discriminant analysis was very useful for exploring
the maximum possible discrimination between the groups that we
had defined earlier, it provided no information about the

3
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relationships between the independent variables and individual
dependent variables. To obtain this information we performed
a series of 18 analyses of variance using all the dependent
variables that are listed on pages 59 and 60, cxcept the item
scorcs for the skill tests. These analyses were performed on
the same data base used for the discriminant analyses. The
same four groups, or.cells, were used to represent different
levels of the independent variables. These were two-by-two
analyses of variance with two levels of aptitude (high versus
low ETST scores) and two kinds of trcatment (CII versus PTI).

Table 3 presents a summary of the results from the 18
two-by-two analyses of variance. The F-values are presented
for the treatment effect, the aptitude effect, and their inter-
action. Asterisks indicate the significance level. It must
be kept in mind that thesc variables are not independent of
one another, and that in a set of significance tests this
lafge. some will reach significance purely by chance. We
performed this set of analyses not in the sense of classical
hypothesis testing but rather as a means of deriving an index
of the apparent strength of the rclationships betwecen these
18 dependent variables and the independent variables of
treatuent and aptitude.

There is a special column in Tablc 3 labeled "Best" Treat-
ment. This column is to inform the reader which trcatment
condition showed the best performance (e.g., shortest time to
complcte a skill test, highest scorc on a knowledge test, etc.).
Entries were made in this column where the treatment effect
approached/excceded significance, or where the interaction
approached/exceeded significance. In all cases where the ap-
titude cffect was significant, the higher aptitude students
performed "better" than the lower aptitude students, as would
be expected from our carlier analyses. Inspection of Table 3
shows that the higher aptitude students often performed sig-
nificantly better than the lower aptitude students, both in
the short and long term.
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TABLE 3

SUMMARY OF ANALYSES OF VARIANCE RESULTS
RELATING 18 DEPENDENT VARIABLES
TO TRAINING TREATMENT AND SCIENCE/MATH APTITUDE LEVELS

DEPENDENT VARIABLES WBEST" VALUES OF F
No. | Description TREATHMENT Treatment | Aptitude | Interacti
1 Time to Complete Training Course PTI 26,38**] 2,00 0.00
2 No. Interactions with Proctor PTI 2.23 1.12 0.59.
3 Pre-Course Knowledge Cll 3.42 8.05%% 0.55
4. | Short-Term Knowledge 0.43 |72.43** 1.19
5 Short-Term Knowledge Gain (4-3) 0.00 |54.26** 1.90
6 Long-Term Knowledge ¢ 0.27 44,20%* 1.24
7 Long-Term Knowledge Gain (6-3) 0.05 [28.36** 1.85
: 8 Forgetting (4-6) 0.13 2.51 0.26
: Short-Term Skii?—Test:
9 Time to Complete All Items 0.31 [21.45%* 1.66
i 10 No. Timed-OQut Itews 0.56 |10.90** 0.72
'11 No. Errors on Regular Items B 0.16 6.55; : 1.47
'iz .| No. Errors on Transfer Items 0.00 2.65 0.44
13 Total Errors 0.44 0.40 1.21
Long=-Tern Skil® Test:
14 | Time to Couplete A1l Items by M 129 2z.08% | 563
15 | Wo. Timed-out Items = “g%? 0.66 |14.58%*| 4,80*
i16, No. Errors on Regular Items 0.00 16.00f: 0.35
17 | N6..Errors on Transfer Items 0.90 5.64* | 0,00
’18 Total Errers 0.03 |18.64** 0.30 -




Table 3 shows five analyses that suggest meaningful-

treatment effects or aptitude-treatment intcraction effects.

Graphs of these effects were constructed to aid the interpre-

tation of the results (Figures 22 through 26),

The performance

scales in these figures have been normalized across the 84
subjects and scaled to have a mean of 500 and a standard de-
viation of 10, Data had been scaled in this manner for the

discriminant analysis programs.

The PTI students finished the training in significantly
less time than did the CII students. Figure 22 shows approxi-

mately a 1 standard deviation difference between the training
treatments at both aptitude levels. This difference was

significant well beyond the .01 level.
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Figure 22. Time to Complete Training as a
Function of Sciencc/Math Aptitude and Training

Treatment.

The PTI students initiated fewer interactions with the

proctur. Figure 23 shows both low and high aptitude PTI stu-

dents c¢ngaged in fewer than the average number of interactions

with the proctor during the course. The low aptitude CII

students had more than the average number of interactions, and

the high sptitude CII students were at about thce mecan. Neither




the main effects nor the interactions were statistically
significant., However, these rcsults are in accordance with

the results of the analysis of the time to complete the course.
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Figure 23. HNumber of Interactions as a Function
of Science/Math Aptitude and Training Treatment.

The above results are cven more interesting in light of
the results on the Pre-Course Knowledge Test. We had randomly
distributed students who were matched on GCT'and ETST to the
two training trecatments. However, Figure 24 rhows that the
C1l students generally scoréd better on the Pre-Course Knowledge
Test than did the PTI students. Yet .he PTI studénts finished
the course in less time and with fewer interactions with the
training proctor than did the CII students. The trecatment
effect on the Pre-Course Kn-:wledge Test approached but did not
meet statistical significance at the .05 level.

Two analyses revealed an aptitude/treatment interaction.
Figures 25 and 26 show that low aptitude PTi students took less
time to complete the Long-Term Skill Test and had fewer items
terminated because of the time limit than did the Jow aptitude
CII students., To a lesser extent, the reversc was true for

, high aptitude Cil and PTI students. The low aptitude CII
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Figure 24. Pre-Course Knowlédge as a Function
of Science/Math Aptitude and Training Treatment.

' seudents were about 1 standard deviation "worse'" than average
on both of these criteria. All three of the other groups were
at the mean or '"better." In both cases, the interactions were
significant at the .05 level.
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Figure 25. Time To Complete Figure 26. Number ¢f Timed-
the Long-Term Skill Test as Out Items on the Long-Term
a Function of Science/Math Skill Test as a function of
Aptitude and Training Treat- Science/Math Aptitude and

ment. Training Treatment.




The difference between the low aptitude CII and PTI groups,
on Time to Complete the Long-Term Skill Test was subjected
to a t Test., The difference was significant at the .05 level,
Because the number of timed-out items is logically correlated
with the time to complete a test, we did not run a t Test on
the low aptitude group difference shown in Figure 26. 1In
reality, Figures 25 and 26 show two ways of investigating a
single underlying phenomenon.

Before leaving the univariate analyses, we want to dis-
cuss two other results.

The univariate tests to this point have dealt with
secience/math aptitude, as measured by the ETST. Recall that
Figure 15, in the prcliminary analysis, showed a small but
consistent superiority of the lower verbal aptitude PTI $tu-
dents over the lower verbal aptitude CI1 students in time to
complete the Long-Term Skill Test. We prepared these data for
analysis of variancc by defining high and low verbal aptitude
groups in the same manner as we had for science/math aptitude
in the discriminant analyses and analyses of variance reported
above.

Figure 27 shows a graph of the cell means for this analy-
sis. The curves here resemble those in Figures 23, 25, and 26:
The low aptitude CII group appears to be the “worst" performer.
However, analysis of variance showed that ncither the trcatment
nor interaction effects were statistically significant but the
verbal aptitude effect was.,

It will be recalled that three problems from the Short-Term
Skill Test were embedded in the Long-Term Skill Test. Students
did not have uccess to the textbooks nor opportunity to practice
troubleshooting digital logic circuits during the long-term
retention interval, Furthermorc, students werc instructed not
to discus$ the course with anyonc; anccdotal evidence indicated

that they followed those instructions to an cxtremc,
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Figure 27, Time to Complete the Long-Term Skill
Test as 2 Function of Verbal Aptitude and Training
Treatment.

Group performance on the three identical items for the
Short-Term and Long-Term Skill Tests was compared in order to
evaluate possible differences in forgetting troubleshooting
skill. In general, improvement, rather than forgetting, was
evident. Students completed the three items in less time after
the long-ierm retention interval than they did immediatdly
after completing the course. There was no clear pattern of
differences for different levels of the aptitude or training
treatment variables.




VI. CONCLUSIONS AND RECOMMENDATIONS

We began this study by developing a relatively low-cost
computerized instructional system to explore the feasibility
of using such a system to alleviate the practical training
problems in organizations plagued by limited funds and shortages
of qualified instructors for highly varied curricula. We com-
pared the computerized curriculum with a type of widely used
non-computerized curriculum, the programmed text; we were very

careful to make the comparison objective.

Ne diséovered that high aptitude students were superior

to the low aptitude students on all the post-course perfor-
‘mance criteria, whether the criteria were measures of -acquired
knowledge or task performance. The training treatment had no
differential effect on the performance of high aptitude stu-
dents. Low aptitude students in the non-computer curriculum
appeared to perform better on certain skill criteria than did
low aptitude students in the computerized curriculum. Students
in the non-computerized curriculum finished the training
sooner ihan those in the computerized curriculum, regardless
of aptitude level. ”

The yesults of the present study indicate that computerized
instructiok is not the optimum approach to at least some kinds
vf practical training problems. The computerized curriculum.in
the present study may be criticized as not feprésenting the most
elegant pedagogical use of a computer; however, this computerized
curriculum does represent the main features of much of current
computerized instruction. Insofar as much current CAT is, in |
rcality, an automated teaching machine, or an automatic programmed
text, the present CII curriculum is rcpresentative of that ap-
proach, even"though we used a hard-copy text instcad of the
ubiquitous CRT to present textual information., Our approach
was even a little more sophisticated than an automated teaching
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machince, because we used the computer to drive a laboratory
simulation of the operational equipment of interest. Further-
more, we accomplished this with a minicomputer,

We spent considerable effort to develop a computer-
controlled training environment that would virtually replace
the tcacher and the laboratory needed for training a relatively
complex skill, troubleshooting digital logic circuits. In-meet-
ing the neceds for appropriate control conditions, we rejected
the typically used classroom-with-lccturer. We chose instead
a curriculum that would benefit from the same thinking and
organization as would the computerized curriculum, but would
not require a computer. Our choice was programmed instruction.

This last step, the choice of an appropriate control,
distinguishes the present study from many others that have
compared "computerized" with "conventional" instruction. The
results.of the present study demonstrate why this step is
crucially important. Our results reinforce the need for con-
tinued research and development of a sound theory and practice
of instructional psychology.

It would be inappropriate, of course, to generalize the
present results to gqll training problems. Many variables
distinguish specific training problems, and our study addressed
only a few. From our results and review of certain relevant
literature, however, we suggest the following principles in-
volving the training variables of the present study:

1. Barring the influence of relatively bizarre
motivation, anxiety, and certain other vari-
ables, high aptitude students will usually
do well under any reasonable training condi-
tions. . This genecralization may be tempered
by the observation of Bialek ¢& al. (1973)
that high aptitude military trainces, who
are in classes that are aimed at thc low ap-
titude trainecs, may become "bored and rest-
less," and may show a loss in achievement.
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2. Lower aptitude students are very sensitive
to training treatment. They may require
realistic simulations of operational cquip-
ment (McFann, 1971); they may do poorly
using CRT-presented material on mathematical
concepts (Dick and Latta, 1969); and they
may learn certain skills as well or better
from a programmed text as from interaction
with a computer-controlled laboratory
(present study). Much additional research
appears to be necessary before a set of
general principles for training lower apti-
tude students can be formulated.

3. The computcrized instructional approach may
not always be the fastest means of training.
While one CAI curriculum resulted in a large
time savings compared to lecture/classroom
training (Ford et al., 1972), our computer-
ized training was significantly slower than
an equivalent programmed-text curriculum.

4. The computerized approach may require, at
least at the initial stage of training, -
more proctor intervention and help than
some other techniques.

5. If a computerized approach ig called for in
'some training application, it may not be as
expensive to implement as have the CAl sys-
tems of the past. Recent workers (Thomas,
1973; Brebner, 1973; Mecherikoff, 1974; the
prescent study) have shown progress in imple-
menting computerized instruction on relatively
small, inexpensive systems. Also, there are
continuing developments in expanding the num-
ber of terminals serviced by big systems so
that the cost-per-hour of user time is re-
duced. The growing success of commercial
time-sharing systems (e.g., General Electric's
Mark III system) is evidence for hope along
the latter lines.

While there may be hope for the future of individualized
training, there is a great deal of work in this area yet to be
done. Rescarch in this area is time consuming and expensive.
Hickey and Ncewton (1967) note four criteria for adequate re-
scarch in training comparisons: The study should (1) involve
at least five hours of instruction, (2) use more than 15
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students in each group, (3) report the time to complete the
training, and (4) report pre- and post-training results. The
first criterion ensures that the study concerns training and
curriculum problcms as opposed to laboratory learning phenomena
(e.g., paired-associate learning). The second criterion ensures
the reliability of the results., The last two criteria ensure
that at least the basic dependent variables are measurcd and re-
lated to students' pre-course abilities. The present study met
all these criteria and at least one other most important one:
equivalence of cxperimental and control curricula content.

Meeting those criteria, unfortunately, requires much
larger research studies than those typically reported in the
literature on human learning. As Locke (127)) stated, private
industry is not keen on solving these problems with internal
funds. Evidently, government agencies with a vested interest
in this area are faced with the prospect of continuing to
support training research, or accepting seat-of-the-pants

.

training strategies that nay be based on little more than
(costly) fads. The results of the present study lead to the
following recommendations:

1. Research in computerized instruction muet in-
clude adequate contrcol curricula for compari-
sons. Furthermore, such studies should devise
mcans of realistically assessing the average
amount of instructor time per student in the
experimental and control conditions. Many
rescarch reports on computerized instruction
do not citc what is often admitted in private,
that a higher instructor-to-student ratio is
present in the computcrized curriculum, which
was originally intended tc replace the instruc-
tor, than in the '"conventional' curriculum.

2. Research on optimizing instruction for indi-
viduals of varying aptitudes should focus on
the lower aptitude students. It would be an
overstatement to say that high aptitude stu-
dents will take carc of themselves in all
cases; however, the recsults of the present
study and those cited earlicr suggest that




different training strategies do not usually

result in large performance differences among

high aptitude students. On the othcr hand,

there is adequate evidence of significant

performance dif{erences among low aptitude

students who arc subjectced to different train-

ing trcatments., Research in this area should
continue. It should be noted that "low apti-

tude'" is a relative term. In the present

study, we dealt with students whose math/

science aptitude was low relative to the
sophistication of the digital logic training

material, Probably, their math/science apti-

tude, and certainly their general verbal ap- .
titude, would be considercd moderate relative .
to training in infantry skills in the studies

by Bialek discussed earlier.

3. The instructional practitioner who cannot wait
for the results of further research relevant
to his training area should carefully consider
relatively inexpensive alternatives, like high-
quality programmed instruction, before trading
in his classrooms and lecturers for computer-
ized instruction. The course reconstruction
and reformatting that his staff must perform
before beginning to implement a computerized
curriculum would constitute the bulk of the
work and expense necessary for a high-quality
programmed instruction curriculum.

9:V”(




REFERENCES

Anderson, T. W. An introduction to multivariate statistical
analysis. New York: John Wiley § Sons, 1958,

Bialek, H. M., Taylor, J. E., & Hauke, R. N. Instructional
stratcgles for training men of high and low aptitude.
HumRRO Technical Report 73-10, 1973,

Bracht, G. H. The relationship of treatment tasks, person-
ological variables, and dependent variables to aptitude-
treatment interactions. University of Colorado,
Doctoral Dissertation, 1969.

~~Brebner, A., § Hallworth, H. J. Coﬁputer-assisted instruction

on a small computer. JInternational Journal of Man-Machine
Studies, 1973, 5, 437-442,

Cooley, W. W., & Glaser, R. The computer and individualized
instruction. Science, 1969, 166, 574-582,

Cooley, W. W., & Lohnes, P. R. Multivariate procedurecs for
the behavioral sciences. New York: John Wiley & Sons,
1962. :

Cronbach, L. J. The two disciplines of scientific psychology.
Amertcan Pgychologist, 1957, 12, 671-684.

Cronbach, L. J. How can instruction be adapted to individual
differences. In Gagné, R. M. (Ed.), Learning and Indi- .
vidual Differences. Columbus, Ohio: Charles E. Merrill
Books, Inc., 1967.

Davis, R. H., Denny, M. R., § Marzocco, F. N. Interaction of
individual differences with mode of presenting programmed
instruction. Journal of Educational Psychology, 1970,

61, 198-204.

Dick, W., § Latta, R, F. Comparative effects of ability and
presentatzon“mode in computer assisted instruction and
programmed instruction. Floridec State University, CAI
Center} 1eck. yemo No. §, :169.

Dwyer, T. A. Some principles for the human use of computers
in education. International Journal of Man-Machine
Studies, 1971, 3, 219-239.

Estelita, T. A. Educational projects for a digital logic
luboratory. University of Illinois, Department of
Computer Scienco, Report No. UIUCDCS-R-72-535, 1972.

95




Farr, M. J. Computer-assisted instruction. WNaval Resecarch |
Reviewa, 1972, 25, 8-16. :

Ford, J. D., Jr., & Slough, D. A, Development and cvaluation
of computer assisted instruction for Navy electronics
training: Alternating current fundamentals. Naval Person-
nel and Training Research Laborctory, Research Report SRR
70-32, 1970, o

Ford, J. D., Jr., Slough, D. A.,, & Hurlock, R. E. Computer
assisted instruction in Navy technical training using a
small dedicated computer system: Final report. ~Naval
Perzonnel and Training Research Laboratory, Research
Report SRR 73-13, 1972. °

Glaser, R., § Resnick, L. B. Instructional Psychology. Annual
Review of Psyechology, 1972, 23, 207-276.

Hammond, A. L. Computer-assisted instruction: Two major
demonstrations. Seience, 1972, 176, 1110-1112.

Hansen, D, N. Current research devclopment in computer-
assisted instruction. Florida State Untversity, CAI
Center, Tech. Memo No. 17, 1970.

Hickey, A. E., § Ncwton, J. M. Computer-assisted instruction:
A survey of the literature. (2ud ed.) ENTELEK INC., 1967.
‘ |
" Hickey, A. E. Ccemputer-assisted instruction information ex-
change: Final report. ENTELEK INC., Tech. Rep., 1970.

Hurlock, R. E. Development and evaluation of computer
assisted instruction for Navy clectronics training:
Inductance. Naval Personnel and Training Research
Laboratory, Research Report SRR 71-22, 1972.

Locke, R. W./ Has the education industry lost its nerve?
Saturday Review, January 16, 1971, 64, 42-44+,

McFann, H./H. Training stratcgies and individual differences.
HumRRp, Profeseional Paper No. 12-71, 1971.

Mecherikoff, M. Concept learning in the aural analysis of
pasging sonar signals. Human Factors Research, Inc.,
Teair. Rep. 776-5, 1974.

Rao, ¢. R. Advanced statictical methods in biometrie research.
Néw York: John Wiley & Sons, 1952,

Rigney, J. W., Towne, D. M., King, C. A., & Langston, E, T,
Computer-aided performance training for diagnostic and
procedural tasks. USC Behavioral Technological Laboratorics,
Tech. Rep. No. 70, 1972,




Rulon, P, J. The stanine and the separile: A fable,
Personnel Psychology, 1951, 4, 99-114,

Rulon, P, J. Distinctions between discriminant and regression '
analyses and a geometric interpretation of the discriminant
function. Harvard Educational Review, 1951, 21, 80-90,

Salisbury, A. B. An overview of CAI. Educational Zechnology,
1971. 11, 48‘500

Simpson, H., K., Wylie, C. D., & DePauli, J. F. A study of
maintenance training requirements common to the three
models of the AN/SQS-26 sonar. Human Factors Research,
Ine., Tech. Rep. 1704-1, Part II, Instructor and Trainee
Guides, 1971.

Stem, H. W, Development and evaluation of performancc-oriented
test cquipment training procedures. Naval Personnel and
Training Regearch Laboratory, Research Report SRR 72-11,
1972, '

Stolurow, L, N, Computer assisted instruction. American
Data Processing, Inc., Education Automation Monograph
Series, 1968.

Suppes, P., Jerman, M., & Brian, D, Computer aaaisted’in-
struction. New York: Academic Press, 1968, 385,

Thomas, P. A, V. The role of the mini-computer in computer-
aided instruction. JInternational Journal of Man-Machine

Tiedeman, D. V. The utility of the discriminant function ‘in

psychological and guidance investigations. Harvard
Educational Review, 1951, 21, 71-80.

97




APPENDIX A

Excerpt from Chapter 5, "R-S Fiip-Flop,"
in the PTI textbook

A Programmed Text in VIGITAL TECHNOLOGY
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APPENDIX B

Excerpt from Chapter 5, "R-S Flip-Flop,"
in the CII textbook

A Programmed Text in DIGITAL TECHNOLOGY
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APPENDIX C

Knowledge Test




Name

Number

DIGITAL TECHNOLOGY

FINAL

Do not open this test booklet until your instructor tells

you to.

This test consists of 40 multiple-choice questions. In
the questions that follow, choose the single response that is

most correct. Read each question completely and carefully

before answering.

NOTE: Sometimes you may read the answer :and immediately decide
that one answer is correct. Do not stop there. It may be that

more than one answer is correct, and the last alternative answer

may indicate multiple-correct answers.

c-3




1. In a three-branch parallel switching circuit, a signal
will pass from one side of the circuit to the other:
a. When all three switches are closed.
b. When any single switch is closed.
c. When all three switches are open.

d. Both (a) and (b) are correct.

2. In a negative logic system:

a. A1l will be represented by a +1 volt, and a zero
will be represented by 0 volts.

b. If a 1 were represented by -5 volts, a 0 might be
represented by -10 volts,

c._If a2 1 were represented by 0 volts, a 0 might be
represented by -1 volt.

d. If a 1 were represented by -2 volts, a 0 might be

represented by +2 volts.

3. Which of the following statements about the AND gate is
incorrect?
a. It always has one output.
b. It always has two or more inputs.
c.. It always introduces a time delay.

d. An active level always occurs at the output when

there are active levels on all inputs simultaneously.

C-4
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4. Refer to the table. . The top and bottom values in this table

should be:
a. 0 0. A x B x .C
b. 0 1.
c. 1 0.
d. 1 1.

S - - - -t
- - 0 O - M O O |w
- O - O = o = o |0
“ O O OO0 © O

S. Refer to the figure. The Boolean expression describing

the logic function shown is:

a. A+B=C, A

b. X+ 8 =C,

c. X+B=C. B ) ¢
d. X+B=C,

6. The Boolean expression for the NOR gate is:
a. A+B=C,
b. A+B=C,
c. AxB=C
d. AxB+T

7. Refer to the table. The Boolean expression that should

appear at the top of the right-hand column is:

.a. A + B. Input Output
b. A+ B, A B ?
c. ]E x B.

d. X x B.

0
0
1
1

- = O
OO0 O

. O




8. An OR gate can be constructed of
a. an AND gate with inverted input. - e S
b. an AND gate with inverted inputs and output.
c. an OR gate with inverted inputs and output.

d. a NOR gate with inverted output.

9. The difference between the logic functions that have the
Boolean expressions X + B = C and A + B = T is that:

a. The first has inverters on the inputs, the second
on the output. ‘

b. The first has inverters on the output, the second
on the inputs.

c. They both have inverters in the same locationms,

| but the expression$ have been stated differently.

d. One is constructed of an OR gate, the other of an

AND gate.

10. Refer to the table. The Boolean expression that should

appear at the top of the right-hand column is:

a. AXxB. A B ?
b. K¥E.
. T+E.
d. Xx B.




11. A logic function which satisfies the Boolean expression
A x (B + C) consists of
a. a two-input CR gate conneéted to one input of a
two-input AND gate.
b. a two-input AND gate connected to one input of a
two-input OR gate.
C. two AND gates with their outputs connected to

an OR gate.

d. a three-input OR gate connected to one input of

a two-input AND gate. _
12. If a simple switching circuit is represented by the Boolean
expression (A + B) x C,
a. A and B and C must all be closed to close the circuit.
b. closing A and B will close the circuit.
c. Closing A and C will close the circuitf
d. Both "a" and "b" are correct.
13. Refer to the figure. The Boolean expression describing the
logic function shown is:
a. (R+B)xC=0D.
b.. A+ (BxC) =D.
C. (A+37x—C'.-D'. A
d.- (A+ B) x C = D. 3
C P
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14. Refer to the figure. The Boolean expression describing
the logic function shown i#:
a. (AxC)+ (BxD)=E.
b. (AxB) + (CxD) =E,
c. (AxB) x (C+D)=E,
d. (AxB)+ (AxC)+ (AxD)+ (BxC)+ (BxD)=E,

A—

B_._—‘

15. Refer to the figure. The Boolean expression describing
the logic function shown is:
a. (AxB) + (BxC)=0D,
b. (A+B)+C=0D, |
c. (AxB) +C=0D,
d. (A+B) x C=D.




16. Logic devices with memory

b.
Ce

d.

are similar to logic devicus without memory
because their output condition depends solely

upon their input condition.

can be constructed of logic devices without memory.
work like an automobile horn.

are too large to be used in computers.

17. An unclocked R-S flip-flop, when presented with two 0s,

a.
b.
c.
d.

180 The R"S,

a.
b.
c.

d.

ERIC

Full Tt Provided by ERIC.

reverses state.
goes to the 0 state.

goes to the 1 state.

retains its initial state.

J-K, and D flip-flops have in common that:

they retain a state even after their inputs have
been removed.

their output condition depends upon input conditions
at a particular point in time.

their output condition depends upon input conditions
in the past.

All of the above are correct.




- 19. Clocks are most useful for

b.

C.

d.

changing the states of flip-flops.
controlling the precise time at which a change of
state of a flip-flop occurs.

establishing the initial state of a flip-f'op so that
it is"enabled" for triggering.
keeping the flip-flop from running away."

20. One of the problems with both clocked and non-clocked R-S

flip-flops is that:

a.

b.

C.

they both have an indeterminate state.

the precise time at which they change state éannot
be controlled with accuracy.

they retain their initial state if presented with

two "1" pulses.

they reverse their initial state if presented with

two "0" pulses.

21. The D flip-flop

a.
b.

C.

d.

C-10

has four states.

has only two states.

has two determinate states and two indeterminate
states.

has four determinate states.



1f a D flip-flop reccives a "0" pulse, the levels at the "1"

and "0" output terminals after clocking will be, in order:

a.
b.
c.

d.

0 0.
0 1.
1 0.
1 1.

The J-K flip-flop

has the same truth table as the (unclocked) R-3
flip-flop.

has the same truth table as the D flip-flop.

has the same truth table as the clocked R-S
flip-flop.

has the same truth table as the D flip-flop,
except for the indeterminate and complementing

states.

flip-flop is in the "0" state, and a 1 is placed
terminal and a 0 on the K tgrminal,

it will go to the "1" state at the start of the
clock pulse.

it will go to the "Q" state at the start of the
clock pulse.

it will go to the "1" state at the end of the
clock pulse.

it will go to the "0" state at the cnd of the

clock pulse.
C-11




25. When two 0s are presented on the input terminals of a

J-X flip-flop, and the device is clocked,

a.
b.
c.

d.

it retains its initial state.
it goes to the 0 state.
it goes to the 1 state.

it complements its initial state.

26. A four-bit shift register

a.
b.

C.

d.

consists of four flip-flops.

consists of a circuit with four storage positioms,
though these do not necessarily correspond to the
number of flip-flops.

can only be constructed of J-K flip-£flops.

may consist of one four-bit flip-flop.

27. If a four-bit shift register, consisting of four stages,

and D, initially contains the binary number 1101,

and then the input is pﬁt in the 0 state, after three

clock pulses C and D will contain:

a.
b.
c.

d.

o c-12
ERIC
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'.28. If a sixty-seven-bit shift register contains 67 1s, it will

take

a. 133 clock pulses to clear the register and fill
it with Os.

b. 134 clock pulses to clear the register and fill
it with Os.

c. 68 clock pulses to clear the register.

d. 67 clock pulses to clear the register.

Ked

29. Zeroes and ones shift between stages of a J-K flip-flop

shift register

a. as soon as the clock pulse occurs.
b. as soon as the clock pulsé terminates.
c. as soon as the input pulse is received.

d. as soon as the input pulse and clock pulse occur.

30. A ring counter

a. is a divider with the output connected back to
the input.
b. is a divider with the output inverted and connected

back tb the input.

c. is a shift register with the output inverted and
connected back to the input.
d. is a shift register with the output connected

back to the input.

C-13




31. If a four-stage ring counter, with stages A, B, C, and D,
initially holds the binary number 1101, its state after

three clock pulses will be

a. 1110
b. 0111
c. 1011
d. 1101

32. 1If a four-stage switch-tail ring counter, with stages
A, B, C, and D, initially holds the binary number 1101,

its state after thrée clock pulses will be:

a. 0110
b. 1011
c. 0010
d. 0101

33. If a four-stage switch-tail ring counter initially contains
the binary number 1111,

a. in four clock pulses it will contain the binary
number 1111.

b. in four clock pulses it will contain the binary
number 0000.

c. in eight clock pulses it will contain the binary
number 0001.

d. 1in eight clock pulses it will contain the binary
number 1110.

©
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34. A divide-by-sixteen divider, consisting of R-S flip-flops,
a. would have two stages.
b. would have three stages.
c. would have four stages.

d. could not be constructed.because dividers must con-
tain J-K flip-flops.

35. In a divide-by-sixteen divider, the output of the first

flip-flop

a changes at the same réte as the input of the first
* flip-flop.

b. changes at one-fourth the rate of the inpuc of the
first flip-flop.

c. changes at half the rate of the input of the first
flip-flop. |

d. changes at twice the rate of the input of the first
flip-flop.

36. The J-K terminals of a divide-by-sixteen divider .
a. are eliminated.
b. are tied together and connected to the clock.
c. are tied together and continuously enabled by .
a 1l level.

d. are tied together and grounded.

37. A divide-by-32 divider would contain
a. 4 stages.
b. S stages.

c. 6 stages.

d. 7 stages.

o C-15
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38. A multiplexer

8. switches information from several inputs to a
single output, - .
b. switches information from a single input to
several outputs,
C. stores information from several inputs before
switching it to an output;

d. delays information between input and output,

39. A ring counter is used in a multiplexer to:

a. switch each input channel, in turn, to the
output channel, '

b. switch each.putput channel, in turn, to the
input channel,

€. recirculate the input phlses for one cycle
before switching them to the output,

d. circulate the input through each AND gate
before switching it to the output,



40,

- 7_*1

Refer to the figure. The levels on points A, B, C, and
D are 1, 0, 1, 0, and a 1 is circulating in the ring
counter, beginning initially at A'. The output at point

E will read, across time,

a. 0000,
b. 0101,
c. 1010.
d. 1111,

C-17




APPENDIX D

Annotated Instructions To Students
for the Skill Tests




A,

C.

FORM A: SHORT-TERM SKILL TEST

Switches

trer

SUPER LOGIC PROBLEMS

You have up to 5 minutes to explore Logic Block #). Use the
Grey Box to put 1's and 0's to the upper and lower inputs of
this logic block. Use the probe to explore what happens to
the outputs of the different components within Logic Block

. @

If necessary, help the student wire up
this example, ’

Okay, time is up--we will go on to a troubleshooting problem,
[}isconnect LB #1 and connect LB #23

There is one fault or error in Logic Block #2, Find it as
quickly as you can and describe it to me, (:)

Gate 1 is badﬁ it behaves as an OR gate instead
of an AND gate.

|
|
\E)isconnect LB #2 and connect LB QSJ

There is one fault in Logic Block #3, Find it as quickly as
you can and describe it to me,
Faulty output of Gate 3--OUTPUT REMAINS HIGH

or may be interpreted as an input from Gate 4
pulling output of Gate 3 HIGH.

liisconnect LB #3 and connect LB !{J

There is one fault in Logic Block #4, Find it as quickly as
you can and describe it to me, (:)

Faulty input of Gate 4--INPUT REMAINS LOW and
OUTPUT REMAINS HIGH.
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A.

C.

FORM A: SHORT-TERM SKILL TEST

Switches

prer

HALF ADDER PROBLEMS

You have learned about shift registers and how to enter infor-
mation into them., There are three numbers on this [?ive to
studené] Scratch Sheet. In a moment, I want you to enter the
first number into the first shift register. I will connect
the wires to the first shift register [}onnecg]. Ne press

the clock button in order to get data into the register.
[Enter one 1, then 0's to clear registera

1. Okay, enter the first number on the Scratch
Sheet into the shift register. (:)

2. Okay, set up the wires to the second shift
register and enter the second number from
the Scratch Sheet. (:)

3. Okay, enter the third number into the third
shift register. (:)

} [RBIOVO all wiresa

Now, set up the inputs to Logic Block #1 and determine the
truth table for its inputs and output, as shown on the
Scratch Sheet, [Give Subject a pencilzl @

outgut
0
Correct 1l
Answer 1l
0

I will set up this circuit so that the two shift registers
input into the logic block and the logic block outputs to the
third shift register. You will have up to 8 minutes to explore
this circuit, [Connect--ﬁnter 0's to clear all registersJ
Now, don't forget the truth table you have just determined for
the logic block. Go ahead and manipulate this circuit. (:)
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[Everythi'ng should be cleared at this point.]

D. Now I am going to introduce a fault into the circuit. Find
it as quickly as you can and describe it to me.

= =
o
Change
Switches ~ @

In Shift Register #3, the output of FF #4
remains HIGH.

E. I will fix that fault and introduce a new one; fine it and
describe it to me,

— -
L
Change
Switches - @
Y
L- K ol

Faulty output of Gate 1 in the logic block--OUTPUT
REMAINS LOW may be interpreted as faulty input of
Gate 3 pulling output of Gate 1 LOW,
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FORM A: SHORT-TERM SKILL TEST

A.

‘gwitches

Prer

MULTIPLEXER PROBLEMS

The shift register in this circuit has a switch on the input

so that you can enter information while the switch is in the
down position and then circulate the information by putting

the switch in the up position. Set up the Clock and Data Input
wires to get a single 1 to circulate in this Ring Counter, (:)

Be sure switch is in down position before
Subject starts,

Now clear the Ring Counter, disconnect all the wires, and lay
them on the table, (:)

Now set up 4 data input wires so that you can enter informa-
tion into the upper inputs of the 4 AND Gates. Set the inputs
to 1011 from top to bottom as on your scratch sheet and verify
it with the probe. Do not use the Ring Counter at all for
this exercise, (:)

Now get a single 1 circulating in the Ring Counter again.
Observe the output of Logic Block #2 as you clock the 1
around the Ring Counter. Explore the circuit with the probe
for a few minutes so that yéu understand it, (:)

Have 1011 in data input and a 1 in Ring Counter
at beginning of next test.

I will now introduce a fault in the circuit. Find it and
describe it to me.

Change
Switches N @
F

o
- -

aulty output of Gate 1.in Logic Block #1--OUTPUT
REMAINS HIGll--may be interpreted as input from
Gate 1 of LOGIC BLOCK #2 pulling output of Gate 1
high. _
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F.

H#ve 1011 in data input and a 1 in Ring Counter
at beginning of next test.

I will fix the firs. fault and introduce another. Find it
and describe it to me.
o
Change o
Switches (:)
<
.\
Faulty input of Gate 3 in Logic Block #2-- {
INPUT REMAINS LOW,

" Okay, you're finished. Thank you for your participation.
Please don't discuss this test with anyone else, We'll be
seeing you in a few weeks again,
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FORM B: LONG-TERM SKILL TEST

Switches @u=

SUPER LOGIC PROBLEMS

A. Connect two input wires to Logic Block #1. There is one
fault in this circuit. Find it; tell me the name and
number of the faulty component; and describe in your own
words what the problem is, (:)

Lower input in Gate 4 remains HIGH so that all
it takes is a high at the upper input to cause
a high output. Should require 2 high inputs
to make output of this AND Gate high.

————

B. Disconnect Logic Block #1 and connect the inputs to Logic
Block #2. The problem this time is_for you to determine
if Logic Block #2 is working properly. When you have
reached a decision tell me "Yes, it*s-working properly,"

——

or "No, it's not working properly." (:)
‘YES, it is working properly.

St———

C. Disconnect Logic Block #2 and connect Logic Block %3,
There is one fault in this circuit. PFind it; tell me
the name and number of tne faulty component and describe

the problen. @

‘Output of Gate 3 remains high for all input
conditions. This AND Gate should require 2
high inputs for a high output.

—

D. Disconnect Logic Block #3 and connect Logic Block #4,.
There is one fault in this circuit. Find it; tell me
its name and number; and describe the problem. <:)

Upper input in Gate 4 remains HIGH so that all
it takes is a high at the lower input to czuse
a low output. Should require 2 high inputs to
make the output of this NAND Gate 1low.

—




FORM B: LONG-TERM SKILL TEST
Switches g

177

HALF ADDER PROBLEMS
(Clear All Shift Registers)

1. Connect an Input wire and a Clock wire to 8hift
Register #1. Enter the first number on this
scratch shcet (hand S scratch sheet). The number

is ooo1. (T)

2. Enter the second number in Shift Register #2,
The number is. 1001. ()

3. Enter the third number in Shift Register'ﬁs.
The number is 1011. (:)

B. I'l11 connect up the entire circuit now (connect and clear
all registers). Now I am going to introduce a fault into
the circuit. Find.it; tell me the name and number of the
faulty component; and describe in your own words what the

problem is.

./

Change o
Switches @ (:>

o

Output of Flip-flop 3 in Shift Register #2
remains LOW; this also means it won't pass
a 1 on to Flip-flop 4. o
C. I'11 fix that fault and introduce a new one. Find it;
tell me its name and number; and describe the problem

(Clear All Shift Registers).

.

Change @~ @
Switches &
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P ——

- Qutput of Flip-flop 2 in Shift Register #1
remains HIGH; this also means it keeps pass-
ing 1's on to the rest of the shift register

and it can't be cleared.
_- aeEe——

D. I'1ll fix that fault and introduce a new one. Find it;
tell me its name and number; and describe the problem

(Clear All Shift Registers),

Ny
Change > (:)
Switches ¢ _

| g

Output of Gate 1 in the Logic Block remains
LOW. This OR Gate should have a high output

if either input is high.




FORM B: LONG-TERM SKILu. TEST

Switches o

i

MULTIPLEXER PROBLEMS
(Clear Ring Counter)

Data can be entered into the Ring Counter when the switch
is in the down position; and data can be circulated when
the switch is up (leave switch down). Set up the Ring
Counter to circulate a sinéle 1. (:)

I'11 set the data inputs to the 4 AND Gates to 1010 (set
up; and get 1 into first position in Ring Counter); and
I'11 introduce a fault into the circuit.

o
Change o

Switches ::>

When you are looking for the fault, you may enter new
data into the AND Gates or Ring Counter if you want to.
Find the fault; tell me its name and number; and
describe the problem. (:)

Flip-flop 3 in the Ring Counter remains LOW;
it won't pass the one on to Flip-flop 4.

I'1l] fix that fault and introduce a new one. First, I'll
set the data inputs to 1011 and get a 1 in the Ring
Counter (set data and Ring Counter).

Change :::
Switches o
—

Find the fault; tell me its name and number; and
describe the problen,. <:)

‘Output of Gate 1 in Logic Block #1 remains
HIGH. This AND Gate should have a high

output only when both inputs are high.
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I'11 fix that fault and introduce another; find it; tell
me its name and number; and describe the problenm.

D.

Change &
el

Switches e <:>
o

— —_—
Output of Gate 3 in Logic Block #2 remains

LOW. This OR Gate should have a high out-
put vhen either input is high.

Cas————
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